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SUBPART A—GENERAL
APPLICABILITY AND DEFINITICNS

§ 3.0 Applicability of this part. This
part establishes standards with which
compliance shall be demonstrated [for
the issuance of and changes to type
certificates for normal, utility, and acro-
batic category airplanes. This part, un-
til superseded or rescinded, shall apply
to all airplanes for which applications
for type certification under this part
were made hetween the effective date of
this part (November 13, 1945 and March
31, 1953. For applications for a type
certificate made after March 31, 1953,
this part shall apply only to airplanes
which have a maximum weight of 12,500
pounds or less.

§ 3.1 Definitions. As used In this part
terms are defined as follows:

(a) Administration— (1) Administra-
tor. The Administrator is the Admin-
istrator of Civil Aeronautics.

(2) Applicant. An applicant 1s & per-
son or persons applying for approval of
an airplane or any part thereof.

(3) Apmproved. Approved, when used
alone or as modifying terms such as
means, devices, specifications, ete., shall
mean approved by the Administrator.
(See § 3.18.)

(b} General design—(1) Standard at-
mosphere. The standard atmoesphere
1s an atmosphere defined as follows:

(1) The air is a dry, perfect gas,

(iiy The temperature at sea level Is
59° P,

{iii) The pressure at sea level is 29.92
inches He,

(iv) The temperature gradient from
sea level to the altitude at which the
temperature equals —67° ¥, is —0.003566°
P./ft. and zero thereabove,

(v) The density oo at sea level under
the above conditions is 0.002378 1b.
sec.3/ft.4

(2) Mozimum anlicipated aqir temper-
ature. The maximum anticipated air
temperature is a temperature specified
for the purpose of compliance with the
powerplant cooling standards. 1See
§ 3.583.)

3.766

3.767
3.768
3,768
3.770
3,971

3777
3.778
3.179
3.780

(3) Airplane conflguration. Airplane
conflguration is a term referring to the
position of the various elements affect-
ing the aerodynamic characteristics of
the airplane (e. g. wing flaps, landing
gear),

(4) Aerodynamic coefficients. Aero-
dynamic coefficients are nondimensional
coefficients for forces and moments.
They correspond with those adopted by
the U. 8. National Advisory Committee
for Aeronauties.

(5) Critical engine(s). The critical
englne(s) is that engine(s) the failure of
which gives the most adverse effect on
the airplane flizht characteristics rela-
tive to the case under consideration.

(¢) Weights—(1) Mazimum weight.
The maximum weight of the airplane is
that magimum at which compliance with
the requirements of this part of the Civil
Air Regulations is demonstrated. (See
§3.74)

(2) Minimum weight. The minimum
weight of the airplane is that minimum
at which compliance with the require-
ments of this part of the Civil Air Regu-
lations is demonstrated. (See § 3.75.)

(3) Empiy weight. The empty weight
of the airplape is a readily reproducible
weight which is used in the determina-
tlon of the operating weighis. (See
§3.73)

(4) Design mazimum welght. The de-
sign maximum weight is the maximum
weight of the airplane at which compli-
ance is shown with the structural load-
ing conditions. (See § 3.181.}

(5) Design minimum weight. The de-
sign minimum weight is the minimum
weight of the airplane at which com-
pliance is shown with the structural
loading conditions. (See § 3.181.)

(6) Design landing weight. The de-
sign landing weight is the maximum air-
plane weight used in structural design
for landing conditions at the maximum
velocity of descent. (See § 3.242)

(7) Design unit weight. The design
unit weight is a representative welght
used to show compliance with the struc-
tural design requirements:

(i) Gasoline § pounds per U. 5. gallon.

(ii) Lubricating oil 7.5 pounds per
U. 8, gallon.

{ili) Crew and passengers 170 pounds
per person.

(d) Speeds—(1) [AS. Indicated air
speed is equal to the pitot static air-
speed indicator reading as instailed in
the airplane without correction for alr-
speed indleator system errors but includ-
ing the sea level standard adiabatic com-
pressible flow correction. (This latter
correction is included in the calibration
of the air-speed instrument dials.)

(2) CAS. Calibrated air speed is
equal to the air-speed indicator reading
corrected for position and instrument
error. (As a result of the sea level adia-
batic compressible flow correction to the
air-speed instrument dial, CAS is equal
to the true air speed TAS in standard
atmosphere at sez level)

(3) £E4S. Equivalent air speed is
equal to the air-speed indicator reading
corrected for position error, instrument
error, ahd for adiabatic compressible
flow for the particular altitude. (EAS
is equal to CAS at sea level in stendard
atmosphere.}



(4) TAS. True &ir speed of the afr-
plane relative to undisturbed afr.
(TAS=EAS (po/p)}¥).

(5t V.. The design cruising speed.
(See §3.184)

(6) Va. The design diving speed.
$3.184.)

(7Y V;. The design flap speed for
flieht loading conditions with wing flaps
in the landing position. (See § 3.180.)

(Br V5. The flap extended speed is a
maximum speed with wing flaps in s

(See

prescribed  extended yposition. (See
§3.742.)
(9» Vp. The maximum speed obtain-

able in level flicht with rated rpm and
power.

(10} Vsme. The minimum control speed
with the ecritical engine inoperative.
{See § 3.111.»

(11} Vne.
(Gee §3.739.)

(12} Vno. ‘The maximum structural
cruising speed. (See § 3.740.)

(13> Vp. The desigh maneuvering
speed. (See §3.184.)

{14) Vy. The stalling speed computed
at the design landing weight with the
flaps fully extended. (See § 3.150.)

(15 Vs, The stalling speed or the

minimum steady flight speed with wing

The never-exceed speed,

flaps in the landing position. (See
§3.82)
(18) V.. The stalling speed or the

minimum steady flight speed obtained

in a specified configuration. (See
§3.82)

(17) V:. The speed for best angle of
climb.

(18) Vy. The speed for best rate of
climb.

(e) Structural—(1) Limit load. A
limit load is the maximum load antiei-
pated in normal conditions of operation.
{(See §3.171)

(2) Uitimate lond. An ultimate load
is & Iimit load multiplied by the appro-
priate factor of safety. (See § 3.173.)

(3) Factor of safety, The factor of
safety is a design factor used to provide
for the possibility of loads greater than
those anticipated in normal conditions of
operation and for uncertainties in de-
sien. (See §3.172)

(4&) Load factor., The load factor is
the ratio of a specified load to the total
weight of the airplane; the specified
load may be expressed in terms of any
of the following: aerodynamic forces,
inertia forces, or ground or water reac-
tions,

(5) Limit load factor. The limit load
factor is the load factor corresponding
with limit loads.

(6) Ultimate loed factor. The ulti-
mate foad factor is the load factor cor-
responding with ultimate loads.

(7' Design wing area. The design
wing ares is the area emnclased by the
wing outline (including wing flaps in the
retracted position and ailerons, but ex-
cluding fillets or fzirings) on a surface
containing the wing chords. The out-
line is assumed to be extended through
the nacelles and fuselage to the plane of
symtaetry in any reasonable manner.

(8) Balancing tail load. A balancing
tail lozd is that load necessary to place
the airplane in equilibrium with zero
pitch acceleration.

(9) Fitting. A fitting is a part or ter-
minal used to join cne structural member
to another. (See § 3.306.)

(f) Power installation’'—(1) Brake
horsepower. Brake horsepower is the
power delivered at the propeller shaft of
the engine.

(2) Taeke-off power. Take-off power
is the brake horsepower developed under
standard sea level conditions, under the
maximum conditions of crankshaft ro-
tational speed and engine manifold pres-
sure approved for use in the normal
take-off, and limited in use to a maxi-
mum continuous period as indicated in
the approved engine specifications.

(3) Marimum  continuous  power.
Maximum continuous power is the brake
horsepower developed in standard at-
mosphere at a specified altitude under
the maximum conditions of crankshaft
rotztional speed and engine manifold
pressure approved for use during periods
of unrestricted duration.

(4) Manifold pressure. Manifold
pressure is the absolute pressure meas-
ured at the appropriate point in the
induction system, usually in inches of
mercury.

(5) Criticat altitude. The eritical
altitude is the maximum altitude at
which in standard atmosphere it is pos-
sible to maintain, at a specified rota-
tional speed, a specified power or 8
spectfied manifold pressure. Unless
otherwise stated, the critical altitude is
the maximum galtitude at which it is
possible to maintain, at the maximum
continuous rotational speed, one of the
following:

{i} The maximum continuous power.
in the case of engines for which this
power rating is the same at sea level
and at the rated altitude.

(ii) The maximum continuous rated
manifold pressure, in the case of engines
the maximum continuous power of which
is governed by a constant manifold
pressure.

{6) Pitch setting. Pitch setting is the
propeller blade setting determined by
the blade angle measured in a manner,
and at a radius, speeified in the instruc-
tion manual! for the prepeller.

(7) Feathered pitch. Feathered pitch
is the pitch setting, which in flight, with
the engines stopped, gives approximately
the minimum drag ané corresponds with
a windmilling torque of approximately
Zero.

(8) Reverse pitch. Reverse pitch is
the propelier pitch setting for any blade
angle used beyond zero pitch (e, g, the
negative angle used for reverse thrust).

(g) Fire protection — (1) Fireproof.
Fireproof material means material which
will withstand heat at least as well as
steel in dimensions appropriate for the
purpose for which it is to be used. When
applied to materia)! and parts used to
confine fires in designated fire zones,
fireproof means that the materizl or part
will perform this function under the
most severe conditions of fire and dura-
tion likely to occur in such zones.

tPor engine alrworthibess requirements
see Part 13 of this subchapter. For propeller
alrworthiness requirements see Part 14 of
this subchapter.

(2) Fire-resistant. When applied to
sheet or structural members, fire-re-
sistant material means a material which
will withstand heat at least as well as
aluminum ailloy in dimensions appro-
priate for the purpose for which it is to
be used. When applied to fluld-earrying
lines, other flammable fiuid system com-
ponents, wiring, air ducts, fittings, and
powerplant controls, this term refers
to & line and fitting assembly, compd-
nent, wiring, or duct, or controls which
will perform the intended functions un-
der the heat and other conditions likely
to occur at the particular location,

(3) Flame-resistant, ¥Flame-resistant
material means material which will not
support combustion to the point of
propagating, beyond safe limits, a flame
after the removal of the ignition source,

(8) Flash-resistant. Flash-resistant
material means material which will not
burn violently when ignited.

(5) Flammable. Flammable pertains
to those fluids or gases which will ignite
readily or explode.

CERTIFTICATION

§3.10 Eligibility for type certificate.
An airplane shall be eligible for type cer-
tification under the provisions of this
part if it complies with the airworthiness
provisions hereinafter established or if
the Administrator finds that the provi-
sion or provisions not complied with are
compensated for by factors which pro-
vide an equivalent level of safety: Pro-
vided, That the Administrator finds no
feature or characteristic of the airplane
which renders it unsafe for the category
in which it is certificated.

§ 3.11 Designatioz of applicable regu-
lations. The provisions of this section
shall apply to all eirplane types certifi-
cated under this part irrespective of the
date of application for type certificate.

(a) Tinless otherwise established by
the Board, the airplane shall comply
with the provisions of this part together
with all amendments thereto effective
on the date of application for type cer-
tificate, except that comphlance with
later effective amendments may be
elected or required pursuant to para-
graphs (¢), (d), and (e) of this section.

(b) If the interval between the date
of application for type certificate and the
issuance of the corresponding type cer-
tificate exceeds three years, a new ap-
plication for type certificate shall be
required, except that for applications
pending on May 1, 1954, such three-year
period shall commence on that date. At
the option of the applicant, & new appli-
cation may be filed prior to the expira-
tion of the three-year period. In either
instance the applicable regulations shall
be those effective on the date of the new
application in accordance with para-
graph (a) of this section.

(c; During the interval between filing
the application and the issuance of a
type certificate, the applicant may elect
to show compliance with any amend-
ment of this part which becomes ef-
fective during that interval, in which
case all other amendments found by the
Administrator to be directly related
shall be complied with.
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td) -Except as otherwise provided by
the Board, or by the Administrator pur-
suary to §1.24 of this subchapter, a
change to a type certificate (see §3.13
(b)) may be accomplished, at the op-
tion of the holder of the type certificate,
either in accordance with the regulations
incorporated hy reference in the type
certificate pursuant to §3.13 (¢}, or in
accordance with subsequent amend-
ments to such regulations in effect on
the date of application for approval of
the change, subject to the following
provisions: .

(1) When the applicant elects to show
- compliance with an amendment to the
regulations in effect on the date of ap-
plication for approval of a change, he
shall show eompliance with all amend-
ments which the Administrator finds are
directly related to the particular amend-
ment selected by the applicant.

(2y When the change consists of 8
new design or a substantially complete
redesign of a combonent, equipment in-
stallation, or system installation of ihe
airplane, and the Administrator finds
that the regulations incorporated by
reference in the type certificate pursuant
to $3.13 (&) do not provide complete
standards with respect to such change,
he shall require compliance with such
provisions of the regulations in effect
on the date of applicatton for approval
of the change as he finds will provide a
level of safety equal to that established
by the regulations incorporated by ref-
erence at the time of issuance of the
tybe certificate.

NoTe: Examples of new or redesigned com-
ponients and |nstallations which might ve.
quire compliance with regulations in effect
on the date of application for approval, are:
New powerplant instailation which s likely
to introduce addlticnal fire or operatlonal
hazards unless additional protectlve meas-
ures are lncorporated; the Installation of
an auto-pllot or 8 new electric power system.

(e} If changes listed in subparagraphs
(1) through (3) of this paragraph are
made, the airplane shall be considered
as a new type, in which case a new ap-
plication for type certificate shall be re-
quired and the regulations together with
all amendments thereto effective on the
date of the new application .hall be made
applicable in accordance with para-
graphs fra), (b), (¢), and (d) of this
section.

(1) A change in the number of en-
gines:

(2) A change to engines employing
diferent principles of aperation or pro-
pulsion;

(3) A change in design, configuration,
power, or weight which the Administra-~
tor finds is so extensive as to require a
substantially complete investigation of
compliance with the regulations,

§ 3.12 Recording of applicable regula-
tions. The Administrator, upon the is-
suance of a type certificate, shall record
the applicable regulations with which
compliance was demonstrated. There-
after, the Administrator shall record the
applicable regulations for each change
in the type certificate which is accom-
plished in accordance with regulations
other than those recorded at the time

of issuance of the type certificate. (See
§3.11)
§3.13 Type certificete. (a) An ap-

plicant shall be issued a type certificate
when he demonstrates the eligibility of
the airplane by complying with the re-
quirements of this part in addition to the
applicable requirements in Part 1 of this
subchapter.

(b) The type certificate shall be
deemed to include the type design (see
§3.14 (b)), the operating Umitations for
the airplane (see § 3.737), and any other
conditions or limitations prescribed by
the regulations in this subchapter,

(¢) The applicahle provisions of this
part recorded by the Administrator in
accordance with § 3.12 shall be consid-
ered as incorporated in the type certif-
icate as though set forth in full,

§3.14 CLata required. (a) The ap-
plicant for a type certificate shall sub-
mit to the Administrator such descrip-
tive data, test reports, and computations
as are necessary to demonstrate that the
alrplane compiies with the requirements
of this part.

{(b) The descriptive data required in
paragraph (a) of this section shall be
known as the iype design and shall con-
sist of such drawings and specifications
as are necessary to disclose the config-
uration of the airplane and all the design
features covered in the requirements of
this part, such information on dimen-
sions, materials. and processes as is nec-
essary to define the structura: strength
of the airplane, and such cther data as
are necessary to permit by comparison
the determination of the alrworthiness
of subsequent airplanes of the same type.

§3.15 [Inspections and tests. Inspec-
tions and tests shall include all those
found necessary by the Administrator
to insure that the airplane complies with
the applicable airworthiness require-
ments and conforms to the following:

(a) All materials and produets are in
accordance with the specifications in the
type design

() All parts o the airplane are con-
structed in accordance with the draw-
ings in the type design,

(c) All manufacturing processes, con~
struction, and assembly are as specified
in the type design.

§ 3.16 Flight tesls. After proof of
compliance with the structural require-
ments contained in this part, and upon
completion of all necessary inspections
anhd testing on the ground, and proof of
the conformity of the airplane with the
type design, and upon receipt fromx the
applicant of a report of flight tests per-
formed by him, the following shall be
conducted:

(a) Such official flisht tests as the
Administrator finds necessary to deter-
mine compliance with the requirements
of this part.

(p) After the conclusion of flight
tests specified in paragraph (a) of this
section, such additional flieht tests, on
airplanes having 8 maximurn certifi-
cated take-off weight of more than 6,060
pounds, as the Administrator finds nec-
essary to ascertair whether there is
reasonable assurance that the airplane,
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its componeunts, and equipnrent are re-
liable and function properly, The extent
of such additional flight tests shall de-
pend upon the complexity of the air-
plane, the number and nature of new
destgm features, end the record of pre-
vious “ests and experience for the par-
ticular airplape type, its components,
and equipment. If practicable, these
flight tests shall be conducted on the
same airplene used in the flight tests
specified in paragraph (a) of this
section.

%319 Airworthiness, exzperimental,
and production certificates. (For re-
guivements with regard to these certifl-
cates see Part 1 of this subehapter.)

§3.18 Approval of materials, parts,
processes, aend appliances. (a) Mate-
rials, parts, processes, and appliances
shall be approved upon a basis and in
3 manner found necessary by the Ad-
ministrator to implegrent ‘he pertinent
provisions of the regulations in this sub-
chapter. The Administrator may adopt
and publish such specifications as he
finds necessary to administer this regu-
lation, and shall incorporate therein
such portions of the avlation industry,
Federal, and military specifications re-
specting such materizls, parts, processes,
and appliances as he finds appropriate.

Notre: The provistons of this paragraph are
intended to allow approval of materials,
parts, processes, and appllances under the
system of Techrnical Standard Orders, or in
conjunction with type certification proced-
ures for an alrplane, or 0y any other form
of approval by the Adminlstrator.

(b Any material, part, process, or
appliance shall be deemed to have met
the requirements for approval when it
meets the pertinent specifications
adopted by the Administrator, and the
manufacturer so certifies in a manner
prescribed by the Administrator.

§3.19 Changes in type design. (For
requirements with regard to changes in
type design and the designation of ap-
plicable regulations therefor, see § 3.11
(d) and (e}, and Part 1 of this sub-
chapter.)

AIRFLANE CATEGORIES

$3.20 Airplane categories. (a) For
the purpose of certification under this
part, airplanes are divided upon the basis
of their intended operation {nto the fol-
lowing categories:

{1} Normal-sufiz N. Airplanes in
this category are intended for nonacro-
batie, nonscheduled passenger, and oon-
scheduled cargo operation.

(2) Utility-sufiz U. Alrplanes in this
category are intended for normal opera-
tlons and limited acrobatic maneuvers.
These airplanes are not suited for use in
snap or inverted maneuvers.

Noye: The following interpretation ot
paragraph {(a) (2) was issued May 15, 1947,
12 F. R. 3434: The plrase “limited acrobatic
maneuvers™ ag used in §3.8 (now §3.20) {s
interpreted to loelude steep turna, spins,
sthlls (exeept whip stalls), lazy elghts, and
chardelles.

(3) Acrobatic-suffiz A. Airplanes in

this catagory will have no specific re-
strictions as to type of maneuver per-
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+ mitted unless the necessity therefor is
disclosed by the required flight tests.
(b An airplane may be certificated
under the requirements of 8 particular
category, or in more than one eategory,
provided that all of the requirements of
each such category are met. Sections
of this part which apply to only one or
more, but not all, categories are identi-
fied in this part by the appropriate suf-
fixes added to the section number, as
indicated in paragraph {(a) of this sec-
tion. AN sections not identified by a
sufix are applicable to all categories
except as otherwise specified.

SUBPART B—FLIGHT REQUIREMENTS
GENERAL

§13.61 Policy re proof of compliance.
Compliance with the requirements speci-
fled in this subpart governing functional
characteristies shall be demonstrated by
suitable flight or other tests conducted
upon an airplane of the type, or by cal-
culations based upot the test data re-
ferred to above, provided that the results
s0 obtained are substantially equal in ac-
curacy to the results of direet testing.
Compliance with each requirement must
be provided at the critical combination
of airplane weight and center of gravity
position within the range of either for
which certification is desired. Such
compliance must be demonstrated by
systematic investigation of all probable
weight and center of gravity combina-
tions or must be reasonably inferable
from such as are investigated.

§ 3.62 Flight test pilof. The applicant
shall provide a person holding an ap-
propriate pilot certificate to make the
flight tests, but a designated representa-
tive of the Administrator may pilot the
airplane insofar as that may be necessary
for the determination of compliance
with the airworthiness requirements.

§ 3.63 Noncompliance with test re-
quirements. Official type tests will be
discontinued until corrective Imeasures
have been taken by the applicant when
either:

(a) The applicant's test pilot is unable
or unwilling to conduct any of the re-
quired fight tests; or

(b} Items of noncompliance with re-
guirements are found which may render
additional test data meaningless ar are
of such nature as to make further test-
ing unduly hazardous.

$3.6¢ Emergency egress. Adeguate
provisions shall be made for emergency
egress and use of parachutes by members
of the crew during the flight tests.

§3.65 Report. The applicant shall
submit to the representative of the Ad-
ministrator a report covering a1l compu-
tations and tests required in conmection
with calibration of {nsiruments used for
test purposes and correction of test re-
sults to standard atmospheric congitions.
The representative of the Administrator
will conduct any flieht tests which he
finds to be necessary in order to check
the calibration and correction report.

WEIGHT RaNGE AXD CENTER OF GRAVITY

§ 3.T1 Weight and balance. (a) There
shall be established, as a part of the type

inspection, ranges of weight and center
of gravity within which the airplane may
be safely operated.

(by When low fue} adversely affects
balance or stability, the airplane shall be
so tested as to simmulate the condition
existing when the amount of usable fuel
on board does not exceed 1 gallon for
every 12 maximum continuous horse-
power of the engine or engines installed.

§372 Use of baliast. Removable
baliast may be used to enable zirplanes
to comply with the flight requirements
in accordance with the following provi-
sions:

(a) The place or places for carrying
ballast shall be properly designed, In-
stalled, and plainly marked as specified
in §3.766.

(h) The Airplane Flight Manual shell
include instructions regarding the proper
disposition of the removable ballast un-
der all loading conditions for which such
ballast is necessary, as specified in
§§ 3.766 and 3.771.

§373 Emply weight. The empty
weight and corresponding center of
gravity location shall include all fixed
ballast, the unusable fuel supply (see
§3.437), undrzinable oil, full engine
cooiant, and hydraulic Suid. The
weight and leecation of items of equip-
ment installed when the airplane is
weighed shall be noted in the Airplane
Flight Manusal.

§3.74 Marimum weight. <{a) The
maximum weight shall not exceed any
of the following:

(1) The weight selected by the appli-
cant.

€2) The design weight for which the
structure has been proven, except as
provided in § 3.242 for multiengine air-
planes.

(3) The maximum weight at which
compliance with all of the applicable
fiight requirements has been demon-
strated.

(b} The maximum weight shall not
be less than the weights under the load-
ing conditions prescribed in subpara-
graphs (1) and (2) of this paragraph
assuming that the weight of the occu-
pant in each of the seats is 170 pounds
for the normal category and 190 pounds
for the utility and acrobatic categories,
unless placarded otherwise,

(1} All seats occupied, oil te full tank
capacity, and at least a fuel supply for
one-half hour operation at rated maxi-
mum continuous power.

(2) Fuel and oil to full tank capacities,
and minimun crew.

§3.15 Minimum weight. The min-
imum weight shall not exceed the sum of
the weights of the following:

a) The emnty weight as defined by
§2.73.

(b} The minimum erew necessary to
operate the airpiane (190 pounds for
each crew member).

(¢) One gallon of usable fuel (see
§ 3.437) for every 12 maximum con-
tinuous horsepower for which the air-
plane is certificated.

{d) Either 1 gallon of oil for each
25 gallons of fuel specified in (¢) or i
gallon of oil for each 756 maximum con-
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tinuous horsepower for which the air-
plane is certificated, whichever is greater,

§3.76 Center of gravity position, If
the center of gravity position under
any possible loading condition between
the maximum weight as specified in
§3.74 and the minimum weight as
specified in §3.75 lles beyond (a) the
extremes selected by the applicant, or
(b) the extremes for which the structure
has been proven, or (¢) the exiremes for
which complianee with all funetional fe-
quirements were demonstrated, loading
instructions shall be provided in the Air-
plane Flight Manual as specified in
§ 3.777-3.780.

PERFORMANCE REQUIREMENTS
GENERAL

§ 3.80 Alfernate performance require-
ments. The provisions of §§ 3.84, 3.85,
3.868, and 3.112 (a) (2 (iD> shall not be
applicable to airplanes having a maxi-
mum certificated take-off weight of 6,000
pounds or less. In leu thereof, such air-
planes shall comply with the provisions
of §§ 3.84a, 3.85a, 3.87, and 3.112 (¢).

§$3.81 Performance. The following
items of performance shall be deter-
mined and the airplane shall comply with
the correspondiag requirements in
standard atmosphere and still air.

§3.82 Definition of stalling speeds.
(a) V., denotes the true indicated stall-
ing speed, if obfalnable, or the minimum
steady flight speed at which the airplane
is controliable, in miles per hour, with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust),

{2) Propellers in position normally
used for take-ofl,

(3) Landing pear extended,

(4) Wing flaps in the landing position,

(5) Cowl flaps clesed,

(6) Center of gravity in the most un-
favorable position within the allowable
landing range,

(7 The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine
a required performance.

(b) Vs, denotes the true indicated
stalling speed, if obtainable, otherwise
the calculated value in miles per hour,
with:

(1) Engines idling, throttles closed (or
not more than sufficient power for zero
thrust),

(2) Propellers in position normally
used for take-off, the airplane in all
other respects (flaps, landing geear, etc.)
in the particular condition existing in
the particular test in connection with
which Vs, is being used.

(3) The weight of the airplane equal
to the weight in connection with which
Vs, is being used as a factor to determine
a required performance.

{¢) These speeds shall be determined
by flight tests using the procedure out-
lined in § 3.120.

§3.83 Sialling speed. V,, at maxi-
mum weight shall not exceed 70 miles per
hour for (1) single-engine airplanes and
(2) multiengine airplanes which do not
have the rate of climb with critical en-
gine inoperative specified in § 3.85 (b).
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TAKE-OFF

'§3.84 Take-off. (a) The distance re-
quired to take off and climb over a 50-
‘oot obstacle shall be determined under
the following conditions;

(1) Most unfavorable combination of
weight and center of gravity location,

(2) Engines operating within the ap-
proved limitations,

(3) Cowl flaps in the position nor-
mally used for take-off.

¢b) Upon obtaining a height of 50 feet
above the level take-off surface, the air-
plane shall have attained a speed of net
tess than 1.3 ¥, unless a lower speed of
not less than V: plus 5 can be shown to
be safe under all conditions, including
turbulence and complete engine failure.

(¢) The distance so obtzained, the type
of surface from which made, and the per-
tinent information with respeet to the
cowl flap position, the use of flight-path
control devices and landing gear retrac-
tion system shall be entered in the Air-
plane Flight Manual. The take-off shall
be made in such a manner that its re-
production shall not reguire an excep-
tional degree of skill on the part of the
pilot or exceptionzlly favorable condi-
tions.

§3.84a Tgke-off requirements;, uair-
planes of 6,000 lbs. or less. Airplanes
having a maxirnum certificated take-off
weight of 6,000 lbs. or less shall comply
with the provisions of this section.

(a) The elevator control for tzil wheel
type airplanes shall be sufficient to main-
tain at a speed equal to 0.8 Vs, an air-
plane attitude which will permit holding
the airplane on the runway until a safe
take-off speed 15 attained.

(k) The elevator control for nose
whee! type airplanes shall be sufficient to
raise the nose wheel clear of the take-
off surface at a speed equal to 0.85 V;,.

(¢) The characteristics prescribed in
paragraphs (a) and W of this section
sha}l be demonstrated with:

(1) Take-off power,

(2) Most unfavorable weight,

{3 Most unfavorable c. 2. position.

id) It shall be demonstrated that the
airplane will take off safely without re-
quiring an exceptional degree of piloting
skill.

CLIME

§3.85 Climb—(a) Normal climb con-
dition. The steady rate of climb at
sea level shall be at least 300 feet per
minute, and the steady angle of climb
at least 1:12 for landplanes or 1:15 for
seaplanes with:

(1} Not more than maximum contin-
uous power on all engines,

(2) Larnding gear fully retracted,

(3} Wing flaps in take-off position,

(4) Cowl flaps in the position used in
cooling tests specified in §§ 3.581-3.596.

(by Climb with inoperagtive engine.
All multiengine airplanes having a stall-
ing speed Vs, greater than 70 miles per
hour or a maximum weight greater than
6.000 pounds shall have 2 steady rate of
climb of at least 0.02 V.® in feet per
mingte at an altitude of 5,000 feet with
the critical engine inoperative and:

(1) The remaining engines operating
at not more than maximum continuous
DOWweErT,

¢2) The inoperative propeller in the
minimum drag position,

(3) Landing gear retracted,

(4) Wing flaps in the most favorable
position,

(5) Cowl flaps in the position used in
cooling tests specified in §§ 3.581-3.596.

(c) Balked landing conditions, The
steady angle of climb at sea level shall
be at least 1:30 with:

{1} Take-off power on all engines,

(2) Landing gear extended,

(3} Wing flaps in landing position.

If rapid retraction is possible with safety
without loss of altitude and withouf re-
quiring sudden changes of angle of attack
or exceptional skill on the part of the
pilot, wing faps may be retracted.

§ 3.85a Climb requirements, air-
planes of 6,000 lbs. or less. Airplanes
having a maximum certificated take-off
weight of 6,000 Ibs. or less shall comply
with the requirements of this section.

(a) Climb; take-off climb condition.
The steady rate of ¢climb at sea level shali
not be less than 10 Vs or 300 feet per
minute, whichever is the greater, with:

(1) Take-off power,

2y Landing gear extended,

(3) Wing flaps in take-off position,

(4) Cowl flaps in the position used in
gool'mg tests specified in §§ 3.581 through

6986,

(b) Climb with inoperative engine.
All muitiengine alrpianes having & stall-
ing speed Vs, greater than 70 miles per
hour shall have a steady rate of climb of
at least 0.02 V., in feet per minute at an

altitude of 5,000 feet with the critical
engine inoperative and:

(1) The remaining engines operating
at not more than maximum continuous
power,

(2) The inoperative propeiler in the
minimum drag position,

(3) Landing gear retracted,

{4) Wing flaps in the most favorable
position,

(5) Cowl flaps in the position used in
cooling tests specified in 3§ 3.581 through
3.596.

(¢) Climb; balked landing condi-
tions. The steady rate of climb at sea
level shall not be less than 5 Vs, or 200
feet per minute, whichever is the greater,
with:

(1} Take-off power,

(2} Landing gear extended,

(3} Wing flaps in the landing position.
If rapid retraction is possible with safety,
without loss of altitude and without re-
quiring sudden changes of angle of at-
tack or exceptional skill on the part of
the pilet, wing flaps tnay be retracted.

LANDING

§3.86 Landing. fa) The horizontal
distance required to }and and to come to
a complete stop (to a speed of approxi-
mately 3 miles per hour for seaplanes or
float planes) from a point at a height of
530 feet above the landing surface shall
be determined as follows:

(1) Immediately prior to reaching the
30-foot altitude, a steady gliding ap-
proach shall have been maintained, with
a true indicated air speed of at least
1.3 Vs,.

(2) The landing shall be made in such
a manner that there is no excessive ver-
tical acceleration, no tendency to bounce,
nose over, ground loop, porpoise, ot
water loop, and in such a4 manner that
its reproduction shall not require any
exceptional degree of skill on the part of
the pilot or exceptionalily favorable con-
ditions.

(b) The distance so obtained. the type
of landing surface on which made and
the pertinent information with respect
to cowl flap posttion, and the use of fight
path control devices shall be entered in
the Airplane Flight Manual.

§3.87 Landing requirements; air-
planes of 5000 Yhs, or less. For an alr-
piane having a2 maximum certificated
take-off weight of 6,000 1bs. or less it shall
be demonstrated that the airplane can
be safely landed and brought to a stop
without requiring an exceptional degree
of piloting skill, and without excessive
vertical acceleration, tendency to bounce,
nose over, ground logp, porpoise, or water
loop.

PLIGHT CHARACTERISTICS

§ 3106 Kegquirements. The airplane
shall meet the requirements set forth in
§§ 3.106 to 3.124 at all normally expected
operating altitudes under ali critical
loading conditions within the range of
center of gravity and, except as other-
wise specified, at the maximum weight
for which certification is sought.

CONTROQLLABILITY

§3.106 Generel. The airplane shall
be satisfactorily controllable and ma-
neuverable during take-off, climb, level
flight, dive, and landing with or without
power. It shall be possible to make a
smooth transition from one flight condi~
tion to another, including turns and
slips, without requiring an exceptional
degree of skill, alertness, or strength on
the part of the pilot, and without danger
of exceeding the limit load factor under
all eonditions of operation prohable for
the type, including for multiengine air-
planes those conditions normally en-
countered ino the event of sudden fail-
ure of any engine. Compliance with
“strength of pilots” limits need not be
demonstrated by quantitative tests un-
less the Administrator finds the condi-
tion to be marginal. In the latter case
they shall not exceed maximum values
found by the Administrator to be ap-
proprizte for the type but in no ¢ase
shall they exceed the following limits:

| |
i Pitch l Roll | Yaw
{a) For temporory applicaiion: l
Stiek. ...l ] 30 150
Wheelt ... . . _._._ . 75 60 159
{b) For prolonged app]icm.iun..| 10 5 0
t Applied to rim.

§3.107-U Approved acrobalic manes-
pers. It shall be demonsirated that the
approved acrobatic maneuvers can be
performed safely. Safe .entry speeds
shall be determined for these maneuvers.

§3.108-4 Acrobatic maneuvers. It
shall be demonstrated that acrobatic
maneuvers can be performed readily and
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safely., Safe entry speeds shall be deter-
mined for these maneuvers.

§ 3.1090 Longitudinal conirol. The air-
plane shall be demonstrated to comply
with the following requirements:

() It shall be possible at all speeds
below V- to pitch the nose downward so
that the rate of increase in air speed is
satisfactory for prompt aceeleration to
V: with:

¢1) Measximum continuous power on all
engines, the airplane trimmed at V.

(2) Power off, airplanes of more than
6,000 pounds maximum weight trimmed
at 1.4 V;,, and airplanes of 6,000 pounds
or less maximum weight trimmed at 1.5
Vs,

l(3) (1) Wing flaps and landing gear
extended and

(i) Wing flaps and landing gear re-
tracted.

(b) During each of the controllability
demonstrations outlined below it shall
not require a change in the trim control
ar the exertion of more conirol force than
can be readily applied with one hand for
a short period. Each maneuver shall be
performed with the landin~y gear ex-
tended.

(1) With power off, flaps retracted,
and the airplane irimmed as prescribed
in paragraph ta? (2) of this section, the
flaps shall be extended as rapidly as pos-
sible while maintaining the air speed at
approximately 40 percent above the in-
stantaneous value of the stalling speed.

(2} Same as subparagraph (1) of this
paragraph, except the flaps shall be ini-
tially extended and the airplane trimmed
as prescribed in paragraph (&) (2) of
this section, then the flaps shall be re-
tracted as rapidly as possible.

(3) Same 85 subparagraph (2) of this
paragraph, except maximum continuous
power shall be used.

(4) With power off, the flaps re-
tracted, and the airplane trimmed as
prescribed in paragraph (a) (2) of this
section, take-off power shall be applied
quickly while the same alr speed is main-
tained.

(5) Same as subparagraph (4) of this
paragraph, except with the flaps ex-
tended.

(6) With power off, flaps extended.
and the airplane trimmed as prescribed
in paragraph (a) (2) of this section, air
speeds within the range of 1.1 Vs, to
1.7 Vs, or Vy, whichever is the lesser, shall
be obtained and maintained.

(¢} It shall be possible without the use
of exceptional piloting skill te maintain
essentially level flight when flap retrac-
tion from any position is initiated dur-
ing steady horizontal flight at 1.1 ¥y,
with simultaneous application of not
more than maximum continuous power.

§3.110 Laleral and direclional con-
trol. (a) It shall be passible with multi-
engine airplanes to execute I5-degree
banked turns both with and agatnst the
inoperative engine from steady climb at
1.4 Ve, or V, for the econdition with:

{1) Maximum continuous power on
the operating engines,

{2) Rearmaost center of gravity,

(3) (i) Landing gear retracted and

(it) Landing gear extended.
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(4) Wing flaps in most faverable climb
posttion,

(5) Maximum weight,

{(6) The inoperative propeller in its
minimum drag condition.

(b} It shall be possible with multi-
engine airplanes, while holding the wings
level jaterally within 5 degrees, to execute
sudden changes in heading in both di-
rections without dangerous character-
istics being encountered. This shall be
demonstrated at 1.4 Vs, or ¥y up to head-
ing changes of 15 degrees, except that the
heading change at which the rudder
force corresponds to that specified in
£ 3.106 need not be exceeded, with:

(1) The critical engine inoperative,

(2) Maximum continuous power on
the operating engine(s),

(3) (i) Landing gear retracted and

(ii) Landing gear extended,

(4} Wing faps in the most favorakle
climb position,

(5) The inoperative propeller in its
minimum drag eondition,

(§) The airplane center of gravity at
its rearmost position.

§ 3111 Minimum conirol speed
(Vme). {(8) A minimum speed shall be
determined under the conditions speci-
fied below, such that when any one
engine is suddenly made inoperative at
that speed, it shall be possible to recover
control of the airplane, with the one
engine still inoperative, and to maintain
it in straight flight at that speed, either
with zero yaw or, at the option of the ap-
plicant, with a bank not in excess of 5
degrees. Such speed shall not exceed
1.3 Vs, with:

(1) Take-off or maximum available
power on all engines,

(2) Rearmost center of gravity,

(3) Flaps in take-off position,

(4) Landing gear retracted.

(b} In demonstrating this minimum
speed, the rudder force required to main-
tain it shall not exceed forces specified in
£3.106, nor shall it be necessary to
throttle the remaining engines. During
recovery the airplane shell not assume
any dangerous attitude, nor shall it re-
guire exceptional skili, strength, or
alertness on the part of the pilot to pre-
vent a change of heading in excess of
20 degrees before recovery is complete,

TRIM

§ 3.112 Requirements. {(a) The means
used for trimming the airplane shall be
such that, after being trimmed and with-
out further pressure upon or movement
of either the primary control or its cor-
responding trim control by the pilot or
the automatic pilot, the airplane will
meintain:

(1) Lateral and directional trim in
level flight at a speed of 0.9 Vx or at Ve,
if lower, with the landing gear and wing
flaps retracted;

{2) Longitudinal trim ynder the fol-
lowing conditions:

(1) During a climb with maximum
continuous power at a speed between Vz
and 14 Vs,

(@) With landing gear retracted and
wing fiaps retracted,

(b) With landing gear retracted and
wing flaps in the take-off position.
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(fi' PDuring a glide with power off at a
speed not in excess of 1.4 Vs,

(a) With landing gear extended and
wing flaps retracted,

(b) With landing gear extended and
wing flaps extended under the forward
center of gravity position approved with
the maximum authorized weight.

{c) With landing gear extended and
wing flaps extended under the most for-
ward center of gravity position approved,
regardless of weight.

(iii) During level 8ight at any speed
from 0.8 Va to V: or 1.4 Vs, with landing
gear and wing flaps retracted.

{» In addition to the above, multi-
engine airplanes shall maintain longi-
tudinal and directional trim af a speed
between Vy and 1.4 V., during climbing
flight with the critical of two or more
engines inoperative, with:

(1} The other engine(s) operating at
maximum continuous power.

(2) The landing gear retracted,

(3) Wing flaps retracted,

(4) Bank not in excess of 5 degrees.

(¢) For sireraft heving s maximum
certificated take-off weight of 6,000 lbs.
or less, the value specified in paragraph
(a) ¢2) (i) of this section shall be 1.5
Vs, or, if the stalling speed Vs, is not ob-
tainable in the particular configuration,
15 times the minimum steady flight
speed at which the airplane is control-
lable.

STABILITY

§ 3.113 General. The pirplane shall
be longitudinally, directionally, and lat-
erally stable in accordance with the fol-
lowing sections. Suitable stability and
control ““feel” (static stability) shall be
required in other conditions normally
encountered in service, I Oight tests
show such stability to be necessary for
safe operation.

§3.114 Siatic longitudingl stabilily.
In the configurations outlined in § 3.115
and with the airplape trimmed as indi-
cated, the characteristies of the elevator
control forces and the friction within the
control system shall be such that:

(a) A pull shall be required to obtain
and maintain speeds below the specified
trim speed and a push to obtain and
maintain speeds above the specified trim
speed. This shall be s0 at any speed
which can be obtained without excessive
control! force, except that such speeds
need not be greater than the appropriate
maximum permissible speed or less than
the minimum speed in steady unstalled
fiight.

(b) The air speed shall return to
within 10 percent of the original trim
speed when the control force is slowly
released from any speed within the im-
its defined in paragraph (a) of this sec-
tion.

§ 3.115 Specific conditions. In con-
ditions set forth in this section, within
the speeds specified, the stable slope of
stick force versus speed curve shall be
such that any substantial change in
speed is clearly perceptible to the pilot
through a resulting change in stick
force.

(a) Landing. The stick foree curve
shall have a stable slope and the stick



force shall not exceed 40 lbs. at any
speed between 1.1 V. and 1.8 V¥, with:
. 1) Wing flaps in the landing position,

(2) The landing gear extended,

(3) Maximum weight,

(4) Throttles closed on all engines,

(5) Alrplanes of more than 6,000
pounds maximum weight trimmed at 1.4
Vs, and sirplanes of 6,000 pounds or less
maximum weight trimmed at 1.5 Vs,.

(by Climb. The stick force curve
shall have a stable slope at all speeds be-
tween 1.2 V,, and 1.6 V,, with:

(1) Wing flaps retracted,

(2} Landing gear retracted,

(3 Maximum weight,

(4) 75 percent of maximum continu-
ous power,

(5} The airplane trimmed at 1.4 Vs,.

(¢} Cruising. (1) Between 1.3 Vi,
and the maximum permissible speed, the
stick force curve shall have a stable slope
at al! speeds obtainable with a stick
force not in excess of 40 pounds with:

(i} Landing gear retracted,

(il) Wing flaps retracted,

(iliy Maximum weight,

tiv) 75 percent of maximum con-
tinuous power,

(v} The airplane trimmed for level
flicht with 75 percent of the maximum
continuous power.

(2} Same as subparagraph (1) of this
paragraph. except that the landing gear
shall be extended and the level fught
trim speed need not be exceeded.

§3.116 Instrumented stick force
measurements. Instrumenied stick
force measurements need not he made
when changes in speed are ciearly re-
flected by changes in stick forces and the
maximum forces obtained in the above
conditions are not excessive,

83,117 Dynamic longitudinal stabil-
ity. Any short period oscillation occur-
ring between stalling speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (1)
free, and (2) in a fixed position.

§ 3.118 Directional and lateral sta-
bility—(a) Three-control  airplanes.
(1) The static directional stability, as
shown by the tendency to recover irom a
skid with rudder free, shall be positive
for all flap positions and symmetrical
power conditions, and for all speeds
from 1.2 Vs, up to the maximum per-
missible speed.

(2) The static lateral stability as
shown by the tendency to raise the low
wing in 2 sideslip, for all lap positions
and symmetrical power conditions, shall:

1) Be positive at the maximum per-
missible speed.

(il) Not be negative at a speed equal
to 1.2 Vs,.

(3) In straight steady sideslips (un-
accelerated forward slips), the aileron
and rudder control movements and
forces shall increase steadily, but not
necessarily in constant proportion, as the
angle of sideslip i5 increased; the rate of
increase of the movements and forces
shall lie between satisfactory limits up
to sideslip angles considered appropriate
to the cperation of the type. At greater
angles, up to that at which the full rud-
der control is employed or a rudder pedal
force of 150 pounds is obtzined, the rud-

der pedal forces shall not raverse and in-
creased rudder deflection shall produce
increased angles of sideslip. Sufficient
bank shall accompany sideslipping to in-
dicate adequately any departure from
steady unyawed flight.

(4) Any short-period osc¢illation occur-
ring between stailing speed and maxi-
mum permissible speed shall be heavily
damped with the primary controls (I
free and (ii) in a fixed position.

(b) Twao~control (or simplified) air-
planes. (1) The directional stability
shall be shown to be adequate by demon-
strating that the alrplane in all con-
figurations can be rapidly rolled from
a 45-degree bank to a 45-degree bank in
the opposite direction without exhibiting
dangerous skidding characteristics.

(2) Lateral stability shall be shown to
be adequate by demonstrating that the
airplane will not assume a dangerous at~
titude or speed when all the controls are
abandoned for a period of 2 minutes.
This demonstration shall be made in
moderately smooth air with the airplane
trimmed for straight leve]l flight at 0.9
Vn {or at Ve, if lower), flaps and gear re-
tracted, and with rearward center of
gravity loading.

(3 Any short period oscillation oec-
curring between the stalling speed and
the maximum permissible speed shall be
heavily damped with the primary con-
trols () free and (i) in a fixed posi-
tion.

STALLS

§3.120 Sialling demonsiration. (&)
Stalls shall be demonstrated under two
conditions:

{1) With power off, and

(2) With a power setting of not less
than that required to show compliance
with the provisions of §3.85 (a) for
airpianes of more than 6,000 pounds
maximum weight, or with 90 percent of
maximum continuous power for air-
planes of 6000 pounds or less maximum
weight.

(b) In either condition required by
paragraph (a) of this section it shall be
possible, with flaps and landing gear in
any position, with center of gravity in
the position least favorable for recovery,
and with appropriate airplane weights,
to show compliance with the applicable
requirements of paragraphs (c) through
(f) of this section.

(¢c) For sairplanes having independ-
ently controlled rolling and directional
controls, it shall be possible to produce
and to cortect roll by unreversed use
of the rolling control and to produce
and correct yaw by unreversed use of the
directionsal control up uniil the time the
airplane pitches in the maneuver pre-
scribed in paragraph (g) of this section.

(d) For twa-control airplanes having
either interconnected lateral and direc-
tional controls or for alrplanes having
only one of these controls, it shall be pos-
sibie to produce and to correct roll by
unreversed use of the rolling econtrol
without producing cXcessive yaw up un-
til the time the airplane pitches in the
maneuver prescribed in paragraph (@)
of this sectlon.

{e) During the recovery portlon of
the maneuver, it shall be possible to
prevent more than 15 degrees roll or yaw
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by the normal use of controls, and any
loss of altitude in excess of 100 feet or
any pitch in excess of 30 degrees helow
level shall be entered in the Airplane
Flight Manual.

(f) A clear and distinctive stall warn-
ing shall precede the stalling of the air-
plane, with the flaps and landing gear
in any position, both in straight and
turning flight. The stall warning shall
begin at a speed exceeding that of stall-
ing by not less than 5 but not more than
10 miles per hour and shall continte un-
til the stall occurs.

{g) In demonsirating the qualities re-
quired by paragraphs {¢} through ({) of
this section, the procedure set forth in
subparagraphs (1) and (2) of this para-
graph shall he followed,

(1) With trim controls adjusted for
straight flight at a speed of aphroxi-
mately 1.4 Vs, for alrplanes of more than
6,000 pounds maximum weight, or ap-
proximately 1.5 V,, for airplanes of 6,000
pounds or less maximum weight, the
speed shall be reduced by means of the
elevator control until the speed is slightly
above the stalling speed; then

(2) The elevator control shall be
pulled back a$ a rate such that the alr-
plane speed reduction does not exceed 1
mile per hour per second until a stall is
produced as evidenced by an uncontrol-
lable downward pitching motion of the
airplane, or until the control reaches the
stop. Normal use of the elevator control
for recovery shall be allowed after such
pitching motion has unmistakably de-
veloped.

§ 3.121 Climbing sialls. When stalled
from an excessive climb attitude it shall
be possible to recover from this maneu-
ver without exceeding the limiting air
speed or the allowable acceleration limit.

§3.122 Turning fRight stails. When
stalled during a coordinated 30-degree
banked turn with 75 percent maximum
continuous power on all engines, flaps
and landing gear retracted, it shall be
possible to recover to normal level fight
without encountering excessive loss of
altitude, uneontrgllable roiling charac-
teristics, or uncontrollable spinning ten-
dencies. These qualities shall be demon-
strated by performing the following ma-
neuver: After a steady curvilinear level
coordinated fight condition in a 30-de-
gree bank is established and while main-
taining the 30-degree bank, the alrplane
shall be stalled by steadily and progres-
sively tightening the turn with the ele-
vator control until the airplane is stalled
or until the elevator has reached its stop.
When the stall has fully developed, re-
covery to level flight shall be made with
normal use of the controls.

§3.123 One-engine-inoperative stalls.
Multiengine airplanes shall not display
any undue spinning tendency and shall
be safely recoverable without applying
power to the inoperative engine when
stalled with:

(a) The critical engine inoperative,

() Flaps and landing gear retracted,

(¢) The remaining engines operating
at up to 75 percent of maximumn con-
tihuous power, excépt that the power
need not be greater than that at which
the use of maximum control travel just



holds the wings laterally level in ap-
proaching the stall. The operating en-
gines may be throttled back during the
recovery from the stall.

SPINNING

§3.124 Spinning—{a) Category N.
All airplanes of 4,000 1bs. or less maxi-
mum weight shall recover from a one-
turn spin with the controls applied nor-
mally for recovery in not more than one
additional turn and without exceeding
either the limiting air speed or the Hmit
positive maneuvering load factor for the
agirplane. In addition, there shall be no
exeessive back pressure either during the
spin or in the recovery. It shall not be
possible to obtain uncontrollable spins by
means of any possible use of the controls.
Compliance with these requirements
shali be demonstrated at any permissible
combination of weight and center of
gravity positions obtainable with all or
any part of the designed useful load, All
airpianes fn category N, regardiess of
weight, shall be placarded agalnst spins
or demonstrated to be “characteristically
incapable of spinning” in which case
they shall be so designated. (See para-
graph (d) of this section.)

(b) Category U. Airplanes In this
category shall comply with either the en-
tire requirements of paragraph (a) of
this section or the entire requirements of
paragraph (¢) of this section.

eV Category A. Al airplanes in this
category shal! be capable of spinning and
shall comply with the following:

(1) At any permissible combination of
weight and center of gravity position ob-
tainable with all or part of the design
useful load, the airplane shall recover
from & six-turn spin, or from any peint
in a six-turn spin, in not more than 1%
additional turns after the application of
the controls it the manner normally used
for recovery.

(2) It shall be possible to recover from
the maneuver prescribed in subpara-
graph (1) of this paragraph without
exceeding either the limiting sir speed
or the limit positive maneuvering load
factor of the airplane.

¢3) It shall not be possible to obtain
uncontrollable spins by means of any
possible use of the controls.

(4) A placard shall be placed in the
cockpit of the airplane setting forth the
use of the controls required for recovery
from spinning maneuvvers.

{d) Category NU. When it is desired
to designate an airplane as a type “char-
acteristically incapable of spinning,” the
flight tests to demonstrate this char-
acteristic shall also be conducted with:

(1} A maximum weight § percent in
excess of the weight for which approval
is desired,

(2+ A center of gravity at least 3 per-
cent aft of the rearmost position for
which approval is desired,

{(3) An available up-elevator travel 4
degrees in excess of that to which the
elevator travel is to be Lmited by appro-
priate stops.

(4} An available rudder travel 7 de-
grees, in both directions, in excess of that
to which the rudder travel is to be limited
by appropriate stops.

GROUND AND WATER CHARACTERISTICS

§ 3.143 Requirements. All airplanes
shall comply with the requirements of
6% 3.144 to 3.147.

§ 3.144 Longitudingl stability and
control. There shall be no uncontrolla-
ble tendency for landplanes to nose over
in any operating condition reasonably
expected for the type, or when rebound
cecurs during landing or take-off.
Wheel brakes shall operate smoothly
and shall exhibit no undue tendency to
induce nosing over. Seaplanes shall ex-
hibit no dangerous or uncontrollable
porpoising at any speed at which the
airplane is normally operated on the
water.

§ 3.145 Directional stebility end con-
trol. {(a) There shall be no uncontrel-
lable looping tendency in 90-degree cross
winds up to a velocity equal to 0.2 Vs,
at any speed at which the aircraft may
he expected to be operated upon the
ground or water.

by All Jandplanes shall be demon-
strated to be satisfactorily controllable
with no exceptional degree of skill or
alertness on the part of the pilot in
power-off landings at normal landing
speed and during which brakes or en-
gine power are not used to meaintain a
straight path.

{¢) Means shall be provided for ade-
gquate directional contro} during taxying.

§ 3.146 Shock absorption. The shock-
absorbing mechanism shall not produce
damage to the structure when the air-
plane is taxied on the roughest ground
which it is reasonable to expect the air-
plane to encounter in normal operation.

3147 Spray characteristics. For
seaplanes, spray during taxying, take-
off, and landing shall at no time danger-
ously obscure the vision of the pilots nor
produce damage to the propeller or other
parts of the airplane.

PLUTTER AND VIBRATION

§3.159 Flutter and vibration. Al
parts of the alrplape shall be demon-
strated to be free from flutter and exces-
stve vibration under all speed and power
conditions appropriate to the operation

+ MANEUVER

of the airplane up to at least the mini-
mum value permitted for V. in § 3.184.
There shall alsc be no buffeting condi-
tion in eny normal flight condition se-
vere enough to interfere with the satis-
factory contro] of the airplane or to
cause excessive fatigue to the crew or
result in structural damage. However,
buffeting as stall warning is considered
desirable and discouragement of -this
type of buffeting is not intended.

SUBPART C—STRENGTH REQUIREMENTS
GENERAL

§3.171 Loads. (a) Strength require-
ments are specified in terms of limit and
ultimate loads. Limit loads are the
maximum loads anticipated in service.
Ultimate loads are equal to the limit
loads multiplied by the factor of safety.
Unless otherwise described, loads speci-
fied are limit loads.

(b} Unless otherwise provided, the
specified air, ground, and water loads
shall be placed in equilibrivm with
inertia forces, considering all items of
mass in the airplane. All such loads
shall be distributed in a manner con-
servatively approximating or closely
representing actual conditions. If de-
flections under locad would change sig-
nificantly the distribution of external or
interna} loads, such redistribution shall
be taken into account.

{c) Simplified structural design cri-
teria shall be acceptable if the Admin-
istrator finds that they result in design
loads not less than those prescribed in
§§ 3.181 through 3.265.

§ 3.172 Factor of safety. The fac-
tor of safety shall be 1.5 unless otherwise
specified.

§3.173 Sirengith and deformalions.
The structure shall be capable of sup-
porting limit loads without suffering
detrimental permanent deformations.
At all loads up to limit loads, the de-
formation shall ‘be such as not to inter-
fere with safe operation of the airplane.
‘The structure shall be capable of sup-
porting ultimate loads without failure
for at least 3 seconds, except that when
proof of strength is demonstrated by
dynamic tests simulating actual condi-
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tions of load applieation, the 3-second
limit does not apply.

§3.17¢ Proot of structure. Proof of
compliance of the structure with the
strength and deformation requirements
of § 3.173 shall be made for all eritical
loading conditions. Proof of compliance
by means of structural analysis will be
accepted only when the structure con-
forms with types for which experience
has shown such methods to be reliable.
In all other cases substantiating load
tests are required. Dynamic tests in-
cluding structural flight tests shall he
acceptable, provided that it is demon-
strated that the design load conditions
have been simutlated. In all cases certain
portions of the structure must be sub-
jected to tests as specified in Subpart D
of this part.

PLicaT LoAbs

$3.181 General. Flight load re-
quirements shall be complied with at
critical altitudes within the range in
which the airplane may be expected to
operate and at all weights between the
minimum design weight and the maxi-
mum design weight, with any practicable
distribution of disposable load within
prescribed operating limitations stated
in §§ 3.777-3.780.

§ 3.182 Defirition of flivht load fec-
tor The Aight load factors specified
represent the acceleration component
(in terms of the gravitational constant
g) normal to the assumed longitudinal
axis of the airplane, and equal in magni-
tude and opposite in direction to the air-
plane inertia toad factor at the center
of gravity.

SYMMETRICAL FLIGHT CONDITIONS (FLAPS
RETRACTED)

§3.183 General. The strength re-
quirements shzll be met at all combina-
tions of air speed and load factor on and
within the boundaries of a pertinent V-n
diagram, constructed similarly to the one
shown in Figure 3-1, which represents
the envelope of the Aight loading condi-
tions specified by the maneuvering and
gust criteria of §4 2.185 and 3.187. This
diagram will aisc be used in determining
the azirplane structural operating limi-
tations as specified in Subpart G of this
part.

§ 3.1B4 Design air speeds. The de-
sign air speeds shall be chosen by the
desigmer except that they shall not be
less than the following values:

V. (design cruising speed)
=38 yW/5 (NO)
=42 VW/5 (4)

except that for values of W/8 greater
than 20, the above numerical multiply-
ing factors shall be decreased linearly
with W/8 to & value of 33 at W/S=100:
And further provided, That the required
minimuom value need be no greater than
0.9 V» actually obtalned at sea level,

Vs {(design dive speed)
=140 V; min (N)

. =1.50 V¢ gyn (U)
=155 V; qin (A}

except that for values of W/S greater
than 20, the above numerical muitiply-
ing factors shall be decreased linearly

with W/8 to a value of 1.35 at W/S=100.
(Ve min is the required minimum value of
design cruising speed specifled above.)

¥y (design manuevering speed)
=¥, V1 where:

V.=a computed stalling speed with
flaps fully retracted at the da-
sign welght, hormally based
on, the maximum alrplane
normal force coeflicient, Cyy.

n=limit maneuvering load factor
used in design,

except that the value of Vp need not ex-
ceed the value of Ve used in design.

§3.186 Maneuvering envelope. The
airplane shall be assumed to be subjected
to symmetrical maneuvers resulting in
the following limit load facters, except
where limited by maximum (static) lift
coefficients:

(a) The positive mageuvering load
factor specified in §3.186 at all speeds
up to Va,

(b) The negative maneuvering load
factor specified in § 3.186 at speed Ve;
and factors varying linearly with speed
from the specified value at V. to 0.0 at
Ve for the N category and —1.0 at Ve for
the A and U categories.

§3.186 Maneuvering load jfactors. (a)
The positive limit maneuvering load fac-
tors shall not be less than the following
values:

_ 24,000
=21+ WEi0,000 ~-"TTT Category ¥
except that n need nct be greater than

3.8 and shall ngt 5e less thaun 2.5

N iatcemvaam———n——- Category U
B=8.0 e Category A

(b) The negative limit maneuvering
load factors shall not be less than —0.4
times the positive load factor for the N
and U categories, and shall not . - less
than —0.5 times the positive load factor
for the A category.

t¢) Lower values of maneuvering load
factor may be employed only if it be
proven that the airplane embodies fea-
tures of design which make it impossible

to exceed such values in flight.  (See also
§3.108.)
§ 3.187 Gust envelope. The airplane

shall be assumed to encounter symmetri-
cal vertical gusts as specified below while
in level flight and the resulting loads
shall be considered limit loads:

(a) Positive (up) and negative (down)
gusts of 30 feet per second nominal in-
tensity at all speeds up to Ve,

(b) Positive and negative 15 feet per
second gusts at Va. Gust load factors
shall be assumed to vary linearly between
Ve and Ve

§ 3.188 Gust load factors. In apply-
Ing the gust requirements, the gust load
factors shall be computed by the follow-
ing formula:

KUVm

=t W

where: K:%(W/S) 14 {(for W/S<18 p. 8. L.}

2.67
(W/8)%n
U=nominal gust veioccity, f. p. =.

{Note that the “efective sharp-
edged gust” equals KU.)

=133~ (tor W/S>16p.a.1.)
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V=ulrplane speed. m. b, h,
m=sglope of lift curve, Cy, per radlan,
corrected for aspect ratlo.
W/8=wing loading, p. 8. 1,

§3.189 Airplane equilibrium. In de.
termining the wing loads and lnear
inertia loads corresponding to any of the
above specified flight conditions, the ap-
propriate balancing horizontal tail load
(see § 33157 shall be taken into account
in a rational or conservative manner.

Incremental horizontal tail loads due
to maneuvering and gusts (see $§3.218
and 3.217) shall be reacted by angular
inertia of the complete airpiane 1n a ra-
tional or conservative manner.

FLAPS EXTENDED FLIGET CONWDITIONS

$3190 Flap: ertended flight condi-
fions. (z) When flaps or similar high
1t devices intended for use at the rela-
tively low air speeds of approach, land-
ing, and take-off are installed, the air-
plane shall be assumed to be subjected to
symmetrical maneuvers and gusts with
the flaps fully defiected at the destzn flap
speed Vy resulting in limit load factors
within the range determined by the fol-
lowing conditions:

(1} Maneuvering, to a positive Ilmit
load factor of 2.0.

(2) Positive and negative 15-feet-per-
second gusts acting npormal to the flight
path in level flight. The gust load fac-
go.'fsl shall be computed by the formula of

.188,

Vs shall be assumed not less than 14
Vi or 1.8 Vy, whichever is greater, where:
Vy=the computed stalling speed with flaps

fully retracted at the design weight
Vi =the computed stalllng speed with flaps

fully extended at the deslgn weight
except that when an automatic flap load
limiting device is employed, the zairplane
may be designed for critical combina-
tions of air speed and flap position per-
mitted by the device. {See also § 3.338.)

(b) In designing the flaps and sup-
porting structure, slipstreatn effects shall
be taken into account as specified in
§3.223.

Nore: In determining the external loads
on the alrplane as a whole, the thrust, slip-

stream, and pitching acceleration may be
assumed equal to zero.

UNSYMMETRICAL FLIGET CONDITIONS

§ 3.191 Unsymmelrical flight condi-
tiors. The airplane shall be assumed to
be subjected to rolling and yawing ma-
neuvers as described i the following
conditions. Unbsalanced aerodynamic
moments about the center of gravity
shall be reacted in a rational or conserv-
ative manner considering the principal
masses furnishing the reacting inertia
forces.

(&) Rolling conditions. The airplane
shall be designed for (1) unsymmetrical
wing loads appropriate to the category,
and (2) the loads resulting from the
aileron deflections and speeds specified
in §3.222, in combination with an afr-
plane load factor of at least two-thirds
of the positive maneuvering factor used
in the design of the airplane. Only the
wing and wing bracing need be investi-
gated for this condition.



Note: These conditions may be covered as
roted below:

(a) Rolling acceleratlons may be obtained
by modifying the symmetrical flight condi-
tions shown in Flgure 3-1 as follows:

(1) Acrobatic caiegory. In conditions A
and F assume 160 percent of the wing alr
lozd scting oo one elde of the plane of
symmetry and 60 perceat on the other.

{2) Normal end utility categories. In con-
dltlon A, assume 100 percent of the wing air
\oad acting on one sfde of the airplane and
70 percent on the dther, For airplanes over
1,000 pounds design weight, the latter per-
centage mey be increased linearly with
welght up to 80 percent at 25,000 pounds.

(b} The effect of alleron displacement on
wlng torsion may be accounted for by sdd-
ing the following increment to the basic alr-
foll moment coefficient over the aileron por-
tlon of the span in the critical condition aa
determined by the note under §8.222:

Acm= — 013
where:
Aem = Moment coefficient increment
§=down alleron deflection in de-
grees in critical condition

tb) Yawing conditions. The airplane
shall be designed for the yawing loads
resulting from the vertica! surface loads
specified in §§ 3.218 t0 3.221.

SVUPPLEMENTARY CONDITIONS

§3.194 Special condition for rear lift
truss. When s rear lift truss is em-
ployed, it shall be designed for conditions
of reversed airflow at a design speed of:

V=10yW/5+10 (z. p. b}

NoTE: Tt may be assumed that the value

of C; is equal to —0.8 and the chordwise

distributior is trtangular between a peak at
the trailing edge and zero at the leading edge.

§ 3.195 Engine torque effects. (g) En-
gine mounts and their supporting strue-
tures shall be designed for engine torque
effects combined with certain basic fiight
conditions as described in subparagraphs
(1) and (2) of this paragraph. Engine
torque may be neglected in the other
flight conditions.

(1) The limit torque corresponding to
take-off power and propeller speed act-
ing simultaneously with 75 percent of
the limit loads from flight condition A.
(8ee Fig. 3-1)

(2} The limit torgue corresponding to
maximum continuous power and propel-
ler speed, acting simultaneously with
the limit loads from flight condition A.
(Bee Fig. 3-1.)

(b) The limit torque shall be obtained
by multiplying the mean torque by a fac-
tor of 1.33 in the case of engines having 5
or more cylinders, For 4-, 3-, and 2-cyl-
inder engines, the factors shall be 2, 3,
and 4, respectively.

§ 3.196 Side load on engine mount.
The limit load factor in & lateral direc-
tion for this condition shall be at least
equal to one-third of the limit load factor
for flight condition A (see Fig. 3-1) ex-
cept that it shall not be less than 1.33.
Engine mounis and their supporting
structure shall be designed for this cen-
dition which may be assumed independ-
ent of other flight conditions,

CONTROL Suresce LOaDS

§ 3.211 Genergl. The control sur-
face loads specified in the following sec-
tions shall be assumed to occur in the
symmetrical and unsymmetrical flight

conditions ss described in §§ 3.189-3.191.
See Figures 3-3 to 3-10 for acceptable
values of control surface loadings which
are considered as conforming to the fol-
lowing detailed rational requirements.

§3.212 Pilot effort. In the control
surface loading eonditions described, the
airloads on the movable surfaces and
the corresponding deflections need not
exceed those which could be obtained
in fight by employing the maximum
pilot contrel forces specified in Figure
3-11. In applying this criterion, proper
consideration shall be given to the effects
of control system boost and servo mecha-
nisms, tabs, and automatic pilot systems
in assisting the pilot.

§3.213 Trim tab effects. The effects
of trim tgbs on the control surface
design conditions need be faken into
account only in cases where the surface
loads are limited on the basis of maxi-
mum pilot effort. In such cases the tabs
shall be considered to be deflected in the
direction which would assist the pilot
and the deflection shall correspond to
the maximum expected degree of “out
oi {rim” at the speed for the condition
under consideration.

BORIZONTAL TAIL SURFACES

§3.214 Horizontal ieil surfaces. The
horizontal tail surfaces shall be designed
for the conditions set forth in §§ 3.215-
3.218.

§3.215 Balancing loads. A hori-
zonta] tail balancing load is defined as
that necessary to maintain the airplane
in equilibrium in & specified flight con-
dition with zero pitching acceleration.
The k.. ‘zontal tail surfaces shall be de-
signed for the balancing loads occurring
at any point on the limit maneuvering
envelope, Figure 3-1, and in the fiap
conditions. (See § 3.190.)

Nor=: The distribution of Figure 3-7 mag
be used.

§3.216 Maneuvering loads. (a) At
maneuvering speed Vp assume a sudden
deflection of the elevator control to
the maximum upward defiection as
limited by the control stops or pilot ef-
fort, whichever is critical.

Note: The average loading of Pigure 3-8
and the distributlon of Pigure 3-8 may be
used. In determining the resultant normal
force coefficient for the tai! under these con-
ditions, it will be permissible to assume that
the sngle of attack of the stabiliver with
respect to the resultant direction of air
flow 15 equal to that which occurs when the
airplane is in steady unaccelerated Aight at a
flight speed equal to V, The maximum
elevator deflection can then be determined
from the sbove criteria and the tall normal
force coefficient can be obtalned from the
data given In NACA Report No. €688, “Aero-
dynamic Characterlstics of Horizontal Tall
Surfsaces,”" or other applicable NACA reports.

{b) Same as case (a) except that the
elevator deflection is downward.

Nore. The average loading of Figure $-8
and the distribution of Figure 3-8 may be
used.

() At all speeds above V; the hori-
zontal tail shall be designed for the
maneuvering loads resulting from a sud-
den upward deflection of the elevator,
followed by & downward deflection of
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the ejevator such that the following
combinations of normal acceleration and
angular acceleration are obtained:

Airplane
. normal Angular acceletation
Condition secelers radian/sec.’
tion n
Download .. 1o +*_V5 im (Ra—1.6)
Uplead _.___... ... Nm —‘—fn.(n.—l.&) -
where:

nm=positive llmit maneuvering load
factor used ipn the design of the
airplane.

V =inittel speed in miles per hour.

(d) The total tail load for the condi-
tions specified in (¢} shall be the sum of:
(1) The balancing tail load correspond-
ing with the condition at speed ¥ and the
specified value of the normal load factor
n, plus (2) the maneuvering load in-
crement due to the specified value of the
angular acceleration.

Note: The maneuvering load locrement of
Plgure 3-4 and the distributions of Figure
3-8 (for down loads) and Figure 3-9 (for
up loads) may ke used. These distributions
apply to the total tall load.

§3.217 Gust loads. The horizontal
tail surfaces shall be designed for loads
occurring in the conditions specified in
paragraphs (a) and (b) of this section.

() Positive and negative gusts of 30
feet per second nominal intensity at
speed Ve corresponding with the flight
condition specified in § 3.187 (a) with
flaps retracted.

Note: The average loadings of Figures 3-5
(2} and (b) and the distribution of Figure
3-9 may he used for the total tail loading
in this condition.

(b) Positive and negative gusts of 15
feet per second nominal intensity at
speed V; corresponding with the flight
condition specified in §3.190 (b) with
flaps extended and at speed Ve corre-
sponding with the flight condition speci-
fied in § 3.187 (b with flaps retracted.

(c) In determining the total load on
the horizontal tail for the conditions
specified in paragraphs (a) and (b) of
this section, the initial balancing tail
loads shall first be determined for steady
unaccelerated fiight at the pertinent de-
sien speeds V;, V., and Ve, The incre-
mental tail load resulting from the gust
shall be added to the initial balancing
tail load to obtain the total tail load.

NoTe: The incremental tail load due to the
gust may be computed by the following
formula:

At=0.1 Kuvs,a,[ 1 —53.5.'71‘}
R!L‘
where

Af — the limit gust load increment on the
tall in pounds,

X = gust coefficient K in § 3.188,

/= nominal gust ibtensity in feet per
second,

V = airplane speed in miles per hour,

8; = tail surface ares In sguare feet,

a,=slope of it curve of tali surface, Cyp
per degree, corrected for aspect
ratio,

a,—slope of Uft curve of wing, Cr per
degree, and

By= aspect ratio of the wing.
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Acceptable values of llmlt average maneu-
vering control surface loadings can bhe ob-
tained from-¥igure 3~3 (b) as follows:

Horizontgl Tail Surfaces
{3) Conditicn § 3218 (a):
Obtaln w as function of W/S and surface
dJdeflection;
Use Curve C for deflection 10* or less;
Use Curve B for deflectlon 20°;
Use Curve A for deflection 30° or more;
{Interpolate for other deflections);
Use distribution of Figure 3-8.
{2) Conditlon §3.216 (b):

Obtein w from Curve B. Use distrlbution
of Figure 3-8

Vertical Tail Surfaces

{3) Condition § 3219 (a):

Obtain ™ ns function of W/5 and surface
deflectlon In same manner as outlined
in (1) above, use distribution of Flg-
ure 3-8;

{4) Condltian § 8.219 (b}:

Obtain w from Curve C, use distributlon ot
Flgure 3-7;

() Condition § 3318 (o):

Obtain w from Curve A, use distrlbution
of Figure 3-0. (Note that condition
§3.220 generally will be mors oriticas
than this condition.)

Atlerons
{6} In llen of condltlons § 3.222 (b):
Obtain » from Curve B, acting In both up

and down dlrections,
Use distributlon of Figure 3-10.

FIG. 3-3(a)~LIMIT AVERAGE MANEUVERING CONTROL SURFACE
LOADINGS
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NOTES:
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b} IN CONDITION 3.119 bl
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FIG. 3-7 TAIL SURFAGE
LOAD DISTRIBUTION

OIRECTION OPPOSITE
T0 THE STABILIZER

FiIG. 3-8 TAIL SURFACE
LOAD DISTRIBUTION

FiG. 3-9 TAIL SURFACE
LOAD DISTRIBUTION

§3.218 Unsymmelrical loads. The
maximum horizontal tail surface loading
(load per unit area), as determined by
the preceding sectlons, shall be applied
to the horizontal surfaces on one side of
the plane of symn..try and the follow-
ing percen‘age of that loading shall be
applied on the opposite side:

To — 100-10 (n-1} where:
n is the specifled positive maneuver-
ing load factor.

In any case the above value shall not be
greater than 80 percent.

VERTICAL TAIL SURFACES

§3.219 Maneuvering loads.
speeds up to Vp:

(a) With the airplane in unaccelerated
flight at zero yaw, a sudden displecement
of the rudder control {0 the maximum
deflection as limited by the conirol stops
or pilot effort, whichever 1s critical, shall
be assumed.

Nore: The average loading of Pigure 3-3

and the dlstribution of Pigure 3-B may he
nsed.

At all

(b) The airplane shall be assumed to
be yawed to o sideslip angle of 15 degrees

Fi6. 3-10 AILERON
LOAD DISTRIBUTION

while the -udder control is maintained
at full deflection (except as limited by
pilot effort) in the directlon tending to
increase the sideslip.

Note: The average loading of Figure 3-3

and the distribution of Figure 3-7 may be
used.

(¢) The airplane shall be assumed to be
yawed to a sidesllp angle of 15 degrees
while the rudder control is maintained in
the neutral position (except as limited
by pilot effort), The assumed sideslip
angles may be reduced if it is shown that
the value chosen for a particular speed
cannot be exceeded in the cases of steady
slips, uncoordinated rolls from a steep
bank, and sudden failure of the critical
engine with delayed corrective action.

Note: The average loading of Fipgure 3-3

and the distribution of Flgure 3-9 may be
used.

§ 3.220 Gustloads. (a) The airplane
shall be assumed to encounter a gust of
30 feet per second nominal intensity,
normal to the .plane of symmetry while
in unaccelerated flight at speed Ve.



" (b) The gust loading shall be com-
puted by the following formula:
w= KUVm
R -5
where:
o= average limit unit pressure In
pounds per square foot.
45
K= 1533— Wﬁi
not be less than 1.0. A value of £
obtained by ratlonal determination
may be used.
U= nom(nal gust intensity lu feet per
second,
V= airplane speed in miles per hour,
m = slope of 1ift curve of vertical surface,
C; per radian, corrected for aspect
ratto,
W= design weight in pounds,
Sp= vertical surface area In square feet.

{¢) This loading applies only to that
portion of the vertical surfaces having a
well-deflned leading edge.

NoTe: The average loading of Figure 3-8
and the distribution of Figure 3-8 may be
used.

§3.221 Outboard fing, When out-
board fins are carried on the horizontal
tail surface, the tail surfaces shall be
designed for the maximum horizontal
surface load in combination with the
corresponding loads induced on the ver-
tical surfaces by end plate effects, Such
induced effects need not be combined
with other vertical surface loads. When
outboard fins extend above and below
the horizontal surface, the critical verti-
cal surface loading (load per unit area)
as determined by 3§33.219 and 3220
shall be applied:

(2} To the portion of the vertical sur-
faces above the horizontal surface, and
80 percent of that loading applied to the
portion below the horizontal surface,

iy To the portion of the vertical sur-
faces below the horizontal surface, and
80 percent of that loading applied to the
portion above the horizontal surface.

.except that K shall

AILERONS, WING FLAPS, TaBs, ETC.

§3.222 Adilerons. (a) In the sym-
metrical flight conditions (see §§ 3.183-
3.189), the ailerons shall be designed for
zll loads to which thiey are subjected
while in the neutral position.

(o) In unsymmetrical flight condi-
tions ¢see § 3.191 (a), the ailerons shall
be designed for the loads resulting from
the following deflections except as lim-
ited by pilot effort:

1) At speed ¥V, it shall be assumed
that there occurs a sudden maximum
displacernent of the aileron econtrol.
(Suitable allowance may be made for
control system deflections.»

(2) When V¢ is greater than Vp, the
aileron deflection at V. shall be that re-
quired to produce a rate of roll not less
than that obtained in condition (1),

(31 At speed Va the aileron deflection
shal] be that required to produce a rate
of" vl not less than cne-third of that
which would be obtained at the speed
and aileron deflection specified in condi-
tion (11,

Nore: For conventlonal allerous, the de-
flections for conditions (2) and (3) may be
computed from:

Y, .
&= v;&n.

where:
§,=total alleron deflectlon (sum of both
alleron deflectlons) in condttion

0.5V,

and §i= v,

I

(1),

§:=total alleron deflection In ecoadi-
tlon {2).

Si=total deflection li. condition (3). In
the equation for §a the 0.5 factor
15 used tnstead of 0.33 to allow for
wing torsional fiexibillty.

(¢} The critical loading on the ailerons
should occur in condition 2) if Ve i3
less than 2V. and the wing meets the
torsional stiffness criteria. The normal
force coefficient Cy for the ailerons may
be taken as 0.048, vhere § is the deflec-
tion of the individual aileron in degrees.
The criticat condition for wing torsional
lpads will depend upon the basic airfoil
moment coefficient as well as the speed,
and may be determined as follows:

Ts _ (C—0133,) Ve

ﬁ— {Cm— 0183} v

where:
T,/T. is the ratlo of wing torsion in
condition (b} (3} to that in condition
{by (2).
82, and §3, are the down deflectlons of
the individual atleron In conditions
{b) {2) and (3) respectively.

tdY When Ti3/T: is greater than 1.0
condition (b)Y (3) is eritical; when T3/Ts
is less than 1.0 condition (b) (2} is erit-
ical.

() In lieu of the abhove rational con-
ditions the average locading of Figure 3-3
and the distribution of Figure 3-10 may
be used.

§ 3223 Wing flaps. Wing flaps, their
operating mechanism, and supporting
structure shall be designed for critical
loads oceurring in the flap-extended
flight conditions (see § 3.180)  with the
flaps extended to any position from fully
retracted to fully extended; except that
when an automatic fiap load limiting
device is employed these parts may he
designied for critical combinations of air
speed and flap position permitted by the
device. {Also see %§3.338 and 3.339.)
The effects of propeller slipstream corre-
sponding to take-off power shail be
taken into account at an airplane speed
of not less than 1.4V: where V, is the
computed stalling speed with faps fully
retractied at the design weight. PFor in-
vestigation of the slipstream condition,
the airplane load factor may be assumed
to be 1.0.

§3.224 Tabs. Control surface tabs
shall be designed for the most severe
combination of air speed and tab deflec-
tion likely to be obtained within the
limit V-n diagram Fig. 3-1* for any
usable loading condition of the airplane.

§3.225 Special devices. The loading
for special devices employing aerody.-
namic surfaces, such as slots and spoil-
ers, shall be based on test data.

CONTROL SYSTEM LoaDs

§3.231
systems. ta)

Primary flight controls and
Flight control systems
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and supporting structures shall be de.
signed for loads corresponding to 125
percent of the computed hinge moments
of the movable control surface in the
conditions preseribed in §§ 3.211 to 3.225,
supject to the following maxima and
minima:

(1) The system limit loads need not
exceed those which can be produced by
the pilot and automatic devices operat-
ing the controis.

(2) The loads shall in any case be
sufficient to provide a rugged system for
service use, including consideration of
jamming, ground gusts, taxying tatl to
wind, control inertia, and frietion.

(b} Acceptable maximum and mini-
mum pilot loads for elevator, aileran,
and rudder controls are shown in Figure
3-11. These pilot loads shall be assumed
to act at the appropriate control grips or
pads in & manper simulating fight con-
ditions and to be reacted at the attach-
ments of the control system to the con-
trol surface horn.

§3.232 Dual controls. When dual
controls are provided, the systems shall
be designed for the pilots operating in
opposition, using individual pilot loads
equal to 75 percent of those obtained in
accordance with § 3.231, except that the
individual pilot loads shail not be less
than the minimum loads specified in
Figure 3-11.

§3.2383 Ground gust conditions. (a}
The following ground gust conditions
shall be investigated in cases where a
deviation from the specific values for
minimum control forces listed in Figure
3-11 is applicable. The following con-
ditions are intended to simulate the load-
ings on control surfaces due to ground
gusts and when taxying with the wind.

(b) The limit hinge moment H shall
be obtained from the following formula:

H=X.5g
where:

H=limit hinge moment {foot-pounds}.

e=mean chord of the control surface aft
of the hinge line (feet).

S=—area of control surface aft of the hinge
line (square feet).

q =dynamic pressure (pounds per square
foot) to be based on a desigh speed
not less than 10y W, 8~ 10 miles per
hour, except that the design speed
need not exceed 60 miles per hour.

K =factor as specified below:

Surface R
1a) Aileron ..o +0.75
Control eolumn locked or lashed

in mid-position.
(hy Aileron____ . _._...-ao____ +
Allerons at full throw; +— moment
on one alleron. — moment on
the other.
(¢) (d} Elevator___ e moooo____ +
Elevator {(c) full up (—), and (d)
full down (+).
(e) (fy Rudder _______.___.____
Rudder (e} in neutrzal, and (£} at
full throw.

{fe) As used in paragraph (b) in con-
nection with ailerons and elevators, a
positive value of K indicates a moment
tending to depress the surface while a
negative value of K indicates a moment
tending to raise the surface.
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§3.23¢ Secondary conitrols aend sys-
tems. Secondary controls, such as wheel
brakes, spoilers, and tab controls, shall
be designed for the loads based on the
maximum which a pilot is likely to apply
to the control in question.

GROUND Loans

£§3241 Ground Joads. The loads
specified in the f{ollowing conditions
shall be considered as the external loads
and the inertia forces which occur in an
alrplane structure. In each of the
ground load conditions specified the ex-
ternal reactions shal!l be placed in equi-
librium with the linear and angular
inertia forces in a rational or conserva-
tive manner.

§3.242 Design wweight, ‘The deslgn
landing weight shall not be less than the
maximum weight for which the airplane
is to be certificated, except as provided
in paragraph (a) or tb) ef this section.

(2} A design landing weight equal to
not less than 95 percent of the mazimum
weight shall be acceptable !f it is demon-
strated that the structural limit load
values at the maximum welght are not
exceeded when the airplane is operated
over terrain having the degree of rough-
ness to be expected Jn service at all
speeds up to the take-off speed., In addi-
tion, the following shall apply:

1) The minimum fuel capacity shall
not be less than the total of the capacity
prescribed in §3440 and of the
capacity equivalent to the weight of fuel
equal in amount to that by which the
maximum weight exceeds the design
landing weight.

{2) The operating limitations shall
limit the take-off weight in such & man-
ner as to assure that landings in normal
operation would not exceed the design
landing weight.

thy A design landing weight equal to
less than 95 percent of the maximum
weighl shall be acceptable for multi-
engine airplanes, meeting the one-en-
gine-inoperative climb requirement of
§3.85 (b) or §3.85a (b) if compliance is
shown with the following sections of Part
4h of this subehapter in lieu of the corre-
sponding requirement of this part: The
ground load requirements of § 4b.230, the
landing gear requirements of §§ 4b.331
through 4h.336, and the fuel jettisoning
system requirements of § 4b.437.

§3.243 Load factor for landing con-
ditions. In the following landing con-
ditions the limit vertical inertia load fac-
tor at the center of gravity of the air-
plane shall be chosen by the designer
but shall not he less than the value which
would be obtained when landing the air-
plane with a descent velocity, in feet per
second, equal to the following value:

V=44 (W/5)2

except that the descent velocity need not
exceed 10 feet per second and shail not
be less than 7 feet per second. Wing
lift not exceeding two-thirds of the
welght of the aitplane may be assumed
to exist throughout the landing impact
and may be assumed to act through the
alrplane center of gravity., When such
wing lift 1s assumed, the ground reaction
load factor may be taken equal to the
fnertia load factor minus the ratio of the

Lisit PILOT Loabs

Maozximum loads for design welght W equal to or

Caontrol less than 5,000 [hs.! Minimum loads?
Atleron: 4
...} G7pounds________ --1 40 pounds.
4 53 D in-pounds i .| 40 D in-pounds.
E ...} 187 pounds..____. __-| 100 pounds.
Wheel._ .---} 200 pounds.. __.] 100 pounds.
Rudder __.____ ... ....... SRR HOpounds. . eeieioeeo-.._.} 130 DoUDdS,

! For design welght W greater than 5,000 pounds tho above specified maximum values shalk ha ipcreased Jinearly

with weight to 1.5 1imes the s

eifled values at & design weight of 25,000 pounds,

2 If the design of any Individual set of control systems or surfaces i3 such ns to taske these speclfled minimum loads
[oapplicable, volues carresponding to the pertinent hinge mements obtained accarding to § 3.233 may be used instead,
except that in any case values less than 0.6 of the speciiled minfinum loads shall not be employed.

3 The eritical partions of the afleren control system shall also be designed for 4 singls tangeutlal lorea having a limit
value equal to 1.25 times the couple force determined from the above criterin.

* Dr=whee) diameter.

FIG. 3-11—PILOT CONTROL FORCE LIMITS

assumed wing lift to the airplane weight.
(See §3.354 for requirements concern-
ing the energy absorption tests which
determine the limit load factor corre-
sponding to the required limit descent
velocities.) In no case, however, shall
the inertia load factor uscd for design
purposes be less than 2.67, nor shall the
limit ground reaction load factor be less
than 2.0, unless it is demonstrated that
lower values of limit load factor will not
be exceeded in taxying the airplane over
terrain having the maximurm degree of
roughness to be expected under intended
service use at all speeds up to take-off
speed.

LANDING CASES AND ATTITUDES

§3.244 Landing cases and attitudes.
For conventional arrangements of main
and nose, or main and tail wheels, the
airplane shall he assumed to contact the
ground at the specified limit vertical ve~
locity in the attitudes deseribed in
§§ 3.245-3.247.  (See Figs. 3~12 (a) and
3-12 (b for acceptable landing condi.
tions which are considered to conform
with §§ 3.245-3.247.)

§3.245 Levellunding—(a) Tail wheel
type. Normal level flight attitude.

(b)Y Nosge wheel tyne. Two cases shall
be considered: '

(1) Nose and main wheels contacting
the ground simultaneously,

(2 Main wheels contacting the
ground. nose wheel just clear of the
ground. {The angular attitude may be
assumed the same as in subparagraph
(1) of this paragraph for purpoeses of
analysis.)

(¢r Drag components. In this condi-
tion, drag components simulating the
forces required to accelerate the tires
and wheels up to the landing speed shall
be properly combined with the corre-
sponding instantaneous vertical ground
reactions. The wheel spin-up drag loads
may be based on vertical ground reac-
tions, assuming wing Uft and a tire-
sliding coefficient of friction of 0.8, but
in any case the drag loads shall not be
less than 25 oercent of the maximum
vertical ground reactions neglecting wing
1fE.

§3.246 Tail down—(a) Tail wheel
type. Main and tall wheels contacting
ground simullaneously.

(b) Nose wheel type. Stalling atti-
tude or the maximum angle permitting
clearance of the ground by all parts of
the sirplane, whichever is the lesser.

Thnil wheel type Nose wheel tyne
Condition . Level Ianding
lI:ed\-'n! 'T‘lnll-t'ilawn k‘l’mllgﬂﬁmﬁ wiith noso wh;_ml Tluil-<l!uwn
anding anding ) g ust clear of snding
renctions around
Retersnce sectéon ... .. .. ... __. §3.245 {a) i §3.240 (o) | §3.245 (b) (1) | §3.245 (b) (2) |§3.24B(b){e)
Vortica componentate.p....... ... ___ n W a n nW W
Fore and aft component at e. g ... ... __ Kn W [ KnW W 1]
Lateral component in either directionpte. g. 1] 0 0 0 1]
Shoek ahserber extension {hydraulie shack
absorher)..___._ ... . ... Note (2) Nate (2) Note (2) Nota (2) Note (2}
Shock ahsotber deflection (rubber er spring
shock absorber) oo ... 100%, 1005, 100% 1007, 100%
Tlredeflection .- ... ____. Slut{‘c Statle Static Biatle Statia
MD)W {n—L3Whid | (= LYWa'jsy m—InW [C AR
Malo wheel tonds (bath wheels) 0 e o An e’ Kl o
[3 0 [(n—=L)Wajd | (n—I)Y WD)’ 0 I\
Tail (nose} wheel Ionds......,,..Wm,{],l 0 i Knlvbid' 0 o
Notes .. o.ooo oo e M ) |l . (U] {1 and {3) {3)

Note (1). K may bs detormined as follows: K'=0.25 for W=3,000 pounds or less; KX =0.33 for W=6,000 pounds or

greater, with lincar varfation of I between these weiglits,
NotE (2).

For the purpose of design, the maximum load factor shall be assumed to orcur throughout the shock

absorber stroke fram 25 poreent stafleetion to 100 pereent dellection unless demonstratod otherwise, and Lhe load factor
shall he used with whatever shack absorber rxtension is mast critical [ar each element of tha landing gear.

Nartk (3).

Note (4). L is defined in § 1,353

Unbudanced moments shall bo balanced by o cotlonal or conservative method,

FIG. 3-12(c)—BASIC LANDING CONDITIONS
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BASIC LANDING CONDITIONS

¢y Vertical ground reactions. Inthis
condition, it shall be assumed that the
ground reactions are vertical, the wheels
havinhg been brought up to speed before
the maximum vertical load is attained.

§3.247 One-wheel landing. One side
of the maln gear shall contact the
ground with the airplane in the level
attitude, The ground reactions shall be
the same as those obtained on the one
side in the level attitude. (See § 3.245.)

GROUND ROLL CONDITIONS

§ 3.248 Broaked roll. The limit ver-
tical load factor shall be 1.33. The atti-
tude and ground contacts shall be those
described for level landings in § 3.245,
with the shocl absorbers and tires de-
flected to their static positions. A drag
reaction equal to the vertical reaction at
the wheel multiplied by a coeflicient of
friction of 0.8 shail be applied at the
ground contact point of ezch wheel hav-
ing hrakes, except that the drag reaction
need not exceed the maximum value
based on limiting brake torque.

§3.249 Side load. Level attitude
with main wheels only contacting the
ground, with the shock abserbers and
tires deflected to their static positions.
The limit vertical load factor shall be
1.33 with the vertical ground reaction
divided equally between main wheels.
The limit side inertia factor shall be 0.83
with the side ground reaction divided be-
tween main wheels as follows:

0.5W acting inboard on one side.

0.33W acting outboard on the other side.

TAIL WHEELS

§3.250 Supplementary conditions for
tail wheels. The conditions in §§ 3.251
and 3.252 apply to tail wheels and af-
fected supporting structure.

§ 3.261 Obstruction load. The limit
ground reaction obtained in the tail down
landing condition shall be assumed to act
up and aft through the axle at 45 de-

LEVEL LANDING WITH NOSE WHEEL
JUST GLEAR OF GROUND

N, SEE ROTE 3

NOTE: SEE B 3.245 (b}

TAIL DOWN LANDING

grees. The shock absorber and tire may
be assumed deflected to their static posi-
tions.

§3.252 Side load. A limit vertical
ground reaction equal to the static load
on the tail wheel, in combination with a
side component of egual magnitude.
When a swivel is provided, the tail wheel
shall be assumed swiveled 90 degrees to
the airplane longitudinal axis, the result
ant ground load passing through the
axle. When a lock steering deviee or
shimmy damper is provided, the tail
wheel shall also be assumed In the trail-
ing position with the side load acting at
the ground contact point. The shock
absorber and tire shall be assumed de-
flected to their static positions.

NOSE WHEELS
§ 3.283 Supplementary condition.: for
nose wheels, The conditions set forth in
§§ 3.254-3.256 apply to nose wheels and
affected supporting structure. The
shock absorbers and tires shall be as-
sumed deflected to their static positions.

§3.254 A4/t logd. Limit force com-
ponents at axie:

Vertical, 2.26 times static load on wheel,

Drag, 0.8 times vertical load.

§3.258 Forward load.
components at axle!

Vertlcal, 2.25 times static load on wheel,

Forward, 0.4 times vertical load.

§ 3.266 Side logd. Limit force com-
ponents at ground contact:

Vertical, 2.25 times static load on wheel,
Side, 0.7 times vertical load.

Limit force

SKIPLANES

§3.257 Supplementary conditions for
skiplanes., The airplane shall be as-
sumed resting on the ground with one
main ski frozen in the snow and the
other main ski and the tail ski free to
siide. A limit side force equal to P/3
shail be applied at the most convenient
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point near the tail assembly, where P
is the static ground reaction on the tail
ski, Por this condition the factor of
safety shall be assumed equal to 1.0,

WATER LOADS

§3.265 Watler load conditions. The
structure of boat{ and floal type sea-
planes shall be designed for water loads
developed during take-off and landing
with the seaplane in any attitude likely
to oceur in mormal gperation at appro-
priate forward and sinking velocities
under the most severe sea conditions
likely to be encountered. Unless a more
rational analysis of the water loads is
performen, the requirements of §§ 4b.251
through 4b.258 of this subchapter shall
apply.

SUBPART D-—DESIGN AND CONSTRUCTION
GENERAL

§3.291 G@General. The suitability of
all questionable design details or parts
having an important bearing on safety in
operation shall be established by tests.

§3.202 Materials and workmanship.
The suitability and durability of all ma-
terials used in the airplane structure
shall be established on the basis of expe-
rience or tests. All materials used in
the airplane structure shall conform to
approved specifications which will insure
their having the strength and other
properties assumed in the design data.
All workmanship shall be of a high
standard.

§3.293 Fabrication methods. The
methods of fabrication employed in con-
structing the airplane structure shall be
such as to produce consistently sound
structure. When a fabrication process
such as gluing, spot welding, or heat-
treating requires close control to attain
this objective, the process shall be per-
formed in accordance with an approved
process specification.

§3.2904 Standard fastenings. All
bolts, pins, screws, and rivets used in the
structure shall be of an approved fype.
The use of an approved locking device or
method is required for all such bolts,
pins, and screws. Self-locking nuts
shall net be used on bolts subject to ro-
tation during the operation of the
airplane.

§3.295 Protection. All members of
the structure shzll be suitably protected
against deterioration or loss of strength
in service due to weathering, corrosion,
abrasion, or other causes. In seaplanes,
special precaution shall be taken against
corrosion from sait water, particularly
where parts made from different metals
are in close proximity. Adequate provi-
stons for ventilation and drainage of all
parts of the structure shall be made.

§ 3.296 [Inspection prouvisions. Ade-
quate means shall be provided to permit
the close examination of such parts of
the airplane as require pericdic inspec-
tion, adjustments for proper alignment
and functioning, and lubrication of mov-
ing parts,

STRUCTURAL PARTS

§3.301 Material strength properties
and design values. Material strength



properties shall be based on a sufficient
number of tests of material conforming
to specifications to establish design val-
ues on a statistical basis. The design
values shall be so chosen that the prob-
ability of any structure being under-
strength because of material variations
is =xtremely remote. Values contained
in ANC-5, ANC-18, and ANC-23, Part I1
shall be used unless shown to be inappli-
cable in a particular case.

Note: ANC-5, "Strength of Metal Aircraflt
Elements.” ANC-18, "Design of Wood Aircraft
Structures,” and ANC-22. “Sandwich Con-
struction for Aircraft,” are published by the
Subcommittee on Alr Force-Navy-Civil Alr-
craft Design Criteria, and may be obtained
from the Superintendent of Documents,
Government Printing Office, Washington 25,
b.C

§ 3.302 Special factors. 'Where there
may be uncertainty concerning the ac-
tual strength of particular parts of the
structure or where the strength is likely
to deteriorate in service prior to normal
replacement, increased factors of safety
shall be provided to insure that the re-
liahility of such parts is not less than the
rest of the structure as specified in
§§ 3.303-3.306.

§ 3.303 Variagbility jactor, For parts
whose strength is subject to appreciable
variability due to wuncertainties in
manufacturing processes and inspection
methods, the factor of safety shall be
increased sufficiently to make the proba-
bility of any part being under-strength
from this cause ext{remely remote. Mini-
mum variability factors (only the high-
est pertinent variability factor need be
considered) are set forth in §§ 3.304-
3.306.

§ 3.304 Castings. (a) Where visual
inspection only is to be employed, the
variability factor shall be 2.0,

{b) The variability factor may be re-
duced to 1.25 for ultimate joads and
1.15 for Hmit loads when at least three
sample castings are tested to show com-
pliance with these factors, and all sample
and production castings are visually and
radicgraphically inspected in accordance
with an approved inspection specifica-
tion.

(¢) Other inspection procedures and
variability factors may be used if found
satisfactory by the Administrator.

§3.305 Bearing factors. {a) The
factor of safety in bearing &t bolted or
pinned joints shall be suitably increased
to provide for the following conditions:

(1) Relative motion in operation (con-
trol surface and system joints are cov-
ered in §§ 3.329-3.347),

¢2) Joints with clearance (free fit)
subject to pounding or vibration.

(b} Bearing factors need pot be ap-
plied when covered by other speciat
factors.

§ 3.306 Fitting factor. Fittings are
defined as parts such as end terminals
used to join ane structural member to
another. A multiplying factor of safety
of at least 1.15 shall be used in the anal-
_ysis of all fittings the strength of which
is not proved by limit and ultimate load
tests in which the actual stress condi-
tions are simulated in the fitting and the
surrounding structure, This factor ap-

plies to all portions of the fitting, the
means of attachment, and bearing on
the members joined. In the case of
integral fittings, the part shall be treated
as a fitting up to the point where the
section properties become typical of the
member. The fitting factor need not be
applied where a type of joint design
bzsed on comprehensive test data is used.
The following are examples: continuous
joints in metal plating, welded joints,
and scarf joints in wood, all made in
accordance with approved practices.

§ 3.307 Fatigue strength. The struc-
ture shall be designed, insofar as practi-
cable, to avoid points of stress concentra-
tion where variable stresses above the
fatigue limit are likely to occur in nor-
mal service,

FLUTTER ARD VIBRATION

§ 3.311 Fluiier and vibration preven-
tion measures. Wings, tail, and control
surfaces shall be free from flutter, airfoil
divergence, and control reversal from
lack of rigidity, for all conditions of
operation within the limit V—m envelope,
and the following detail requirements
shall apply:

a) Adequaote wing torsional rigidity
shall be demonstrated by tests or other
methods found suitable by the Admin-
istrator.

(. The mass balance of surfaces shall
be such as to preclude flutter.

(c) The natural frequencies of ali
main structural components shall be de-
termined by vibration tests or other
methods found satisfactory by the Ad-
ministrator.

WinNgs

§3.317 Proof of strength. 'The
strengih of stressed-skin wings shall be
substantiated by load tests or by com-
bined structural analysis and tests.

§ 3.318 Ribs. Rib tests shall simulate
conditions in the airplane with respect to
torsional rigidity of spars, fixity condi-
tions, lateral support, and attachment to
spars. The effects of ailerons and high
lift devices shall be properly accounted
for.

CONRTROL SURFACES (FIXED AND
MOVABLE)

§3.327 Proofof strength. Limit load
tests of control surfaces are required.
Such tests shall include the horn or
fitting to which the control system is
attached. In struetural analyses, rig-
ging loads due to wire bracing shall be
taken into account in & rational or con-
servative manner.

% 3.328 Installation. Movable tail
surfaces shall be so installed that there
is no interference between the surfaces
or their bracing when each is held in its
exireme position and all pthers are op-
erated through their full angular move-
ment. When an adjustable stabilizer is
used, stops shall be provided which, in
the event of failure of the adjusting
mechahnism, will limit its travel to a
range permitting safe flight and landing.

§3329 Hinges Control surface
hinges, excepiing ball and roller bear-
ings, shall incorporate a multiplying
factor of safety of not less than 6.67 with
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respect to the ultimatie bearing strength
of the softest material used as a bearing.
For hinges incorporating ball or rolier
pearings, the approved rating of the
bearing shali not be exceeded. Hinges
shall provide sufficient strength and
rigidity for loads parallel to the hinge
line.

§3.330 Mass balance weights. The
supporting structure and the attachment
of concentrated mass balance weights
which are incorporated on control sur-
faces shall be designed for the following
limit accelerations: 24g normal to the
plane of the control surface, 12g fore ahd
aft, and 12g parallel tc the hinge line.

CONTROL SYSTEMS

§3.336 General. All controls shall
operate with sufficient ease, smoothness,
and positiveness to permit the proper
performance of their function and shall
be so arranged and identified as to pro-
vide convenience in operation and pre-
vent the possibility of confusion and sub-
sequent inadvertent operation. (See
§ 3.384 for cockpit controls.)

§3.336 Primary flight controls. (a)
Primary fight conirols are defined as
those used by the pilot for the immediate
control of the pitching, rolling, and yaw-
ing of the airplane.

tb: For two-control girplanes the de-
sign shall be such as to minimize the
likelihood of complete loss of the lateral
directional control in the event of failure
of any connecting or transmitting ele-
ment in the control systemn.

§ 3.337 Trimming controls. Proper
precautions shall be taken against the
possibility of inadvertent, improper, or
abrupt tab operations. Means shall be
provided to indicate to the pilot the di-
rection of control movement relative to
airplane motion and the position of the
trim device with respect to the range of
adjustment. The means used to indi-
ecate the direction of the control move-
ment shall be adjacent to the control,
and the means used to indicate the po-
sition of the trim device shall be easily
visible to the pilot and s¢ located and
pperated as to preclude the possibility of
confusion. Longitudinal trimmming de-
vices for single-engine airplanes and
longitudinal and directional trimming
devices for multiengine airplanes shall
be capable of continued normal opera-
tion notwithstanding the failure of any
one connecting or transmitting element
in the primary flight control system.
Tab controls shall be irreversible unless
the tab is properly balahced and pos-
sesses no unsafe flutter characteristics.
Irreversible tab systems shall provide
adequate rigidity and reliability in the
portion of the system from the tab to the
attachment of the irreversible unit to the
airplane structure.

§3.338 Wing flap controls. The
controls shall be sugh that when the flap
has been placed in any position upon
which compliance with the performance
requirements is based, the flap will not
move from that position except upon
further adjustment of the control or the
automatic operation of a flap load limit-
ing device. Means chall be provided to
indicate the fiap position to the pilot.



If any flap position other than fully
retracted or extended is used to show
compliance with the performance re-
quirements, such means shall indicate
each such position. The rate of move-
meni of the flaps in response to the
operation of the pilot's control, or of an
automatic device shall not be such as to
result in unsatisfactory flisht or per-
formance characteristics under steady
or changing conditions of air speed,
englne power, and airplane attitude.
{See § 3.109 (b) and (¢).)

§ 3.339 Flap interconnection. (a) The
motion of flaps on opposite sides of the
plane of symmetry shall be synchronized
by a mechanical interconnection, unless
the airplane is demonstrated to have safe
flight, characteristics while the Haps are
retracted on one side and extended on
the other.

{h) Where an interconnection is used,
in the case of multiengine airplanes, it
shall be designed to 2ccount for the un-
symmetrical loads resulting from flight
with the engines on one side of the plane
of symmetry inoperative and the re-
maining engines at take-off power. For
single-engine airplanes, it may be as-
sumed that 100 percent of the critical
air load acts on one side and 70 percent
on the other,

§3.340 Stops. All control systems
shall be provided with stops which posi-
tively limit the range of motion of the
control surfaces. Stops shall be so lo-
cated in the system that wear, slackness,
or take-up adjustments will not ap-
preciably affect the range of surface
travel. Stops shall be capable of with-~
standing the loads corresponding to the
desien conditions for the control system.

§ 3.341 Control system locks. Whaen
a device is provided for locking a contrel
surface while the airplane is an the
ground or water:

(a) The locking device shall be so in-
stalled as to provide unmistakable warn-
ing to the pilot when it is engaged, and

<hY Means shall be provided to pre-
clude the possibility of the lock becoming
engaged during flight,

§ 3.342 Proof of strength, Tests shall
be conducted to prove compliance with
limit load requirements. The direction
of test leads shall be such as to pro-
duce the most severe loading of the
control system structure. The {ests
shall include all fittings, pulleys, and
brackets used to attach the control sys-
tem to the primary structure. Analyses
ot individual load tests shall be con-
ducted to demonstrate compliance with
the multipiying factor of safety require-
ments specified for control system joints
subjected to angular motion.

§3.343 Operation test. An opera-
tion test shalil ~e conducted by operating
the controis from the pilot compartment
with the entire system so loaded as to
carrespond to the limi¢ air loads on the
surface. In this test there shall be no
jamming, excessive friction, or excessive
deflection.

CONTROL SYSTEM DETAILS

§3.344 QGeneral. Al control systems
and operating devices shall be so de-

signed and installed as to prevent jam-
ming, chafing, or interference as a result
of inadegugate clearances or from cargo,
passengers, or loose objects. Special
precautions shall be provided in the cock-
pit to prevent the entry of foreign ob-
jects into places where they might jam
the controls. Provisions shall be made
to prevent the slapping of cables or tubes
against parts of the airplane. The ele-
ments of the flight control system shall
incorporate designh features or shall be
distinctively and permanently marked to
minimize the possibility of incorrect
assembly which could result in malfunc-
tioning of the control system.

§3.345 Cable systems. Cables, cable
fittings. turnbuckles, splices, and pulleys
shall be in aceordance with approved
specifications. Cables smaller than 13-
inch diameter shall not be gsed in pri-
mary control systems. The design of
cable systems shall be such that there
will not he hazardous change in cable
tension throughowut the range of travel
under operating conditions and tem-
perature variations. Pulley types and
sizes shall correspond to the cables with
which they are used, as specified on the
pulley specification. All pulleys shall ve
provided with satisfactory guards which
shall be closely fitted to prevent the
cables becoming misplaced or foullng,
even when slack. The pulleys shall lie
in the plane passing through the cable
within such limits that the ¢able does not
rub against the pulley flange. Fairleads
shall be so installed that they are not
required to cause a change in cable di-
rection of more than 3 degrees. Clevis
pins (excluding those not subject to load
or motion) retained only by cotter pins
shall not be employed in the congrol
system. Turnbuckles shall ke attached
to parts having angular motion in such a
manner as to prevent positively binding
throughout the range of travel. Pro-
visions for visual inspection shall be
made at all fairleads, pulleys, terminals,
and turnbuckles.

§ 3.346 Joints, Control system joints
subject to angular motion in push-pull
systems, excepting ball and roller hear-
ing systems, shall incorporate & multi-
plying factor of safety of not less than
3.33 with respect to the ultimate bear-
ing strenzth of the softest material used
as a bearing. This factor may be reduced
to 2.0 for such joints in cable control
systems. For ball or roller bearings the
approved rating of the bearing shall not
be exceeded.

§3.347 Spring devices. The relia-
bility of any spring devices nsed in the
control sysiem shall be established by
tests simulating service conditions, un-
less it is demonstrated that failure of
the spring will not cause flutter or un-
safe flight characteristics.

LaNDING GEAR
SHOCK ABSORBERS

§ 3.351 Tests. Shock absorbing ele-
ments in main, hose, and taijl wheel units
chall be substantiated by the tests speci-
fied in the following section. In addition,
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the shock absorbing ability of the land-
ing gear in taxying must be demonstrated
in the operational tests of § 3.146.

§ 3.352 Shock absorption tests. (a)
It shall be demonstrated by energy ab-
sorption tests that the limit lcad factors
selected for design in accordance with
$3.243 will not be exceeded in landings
with the limit descent velocity specified
in that section.

th) In addition, a reserve of energy
abserption shall be demcnstrated by a
test in which the descent velocity is at
least 1.2 times the limit descent velocity.
In this test there shall be no failure of
the shock absorbing unit, although yield-
ing of the unit will be permitted. Wing
{ift equal to {he weighi of the airplane
may be assurmed for purposes of this test,

§ 3.353 Limit drop tests. (a) If com-
pliance with the specified lmit landing
conditions of §3.352 (a) is demon-
strated by free drop tests, these shall be
condueted on the complete zirplane, or
on units consisting of wheel, tire, and
shock ahsorber in their proper relation,
from free drop heights nat less than the
following:

h {inches) —=3.8 (W/S)*®

except that the free drop height shall not
be less than 9.2 inches and need not be
greater than 18.7 inches.

(b) Insimulating the permissible wing
lift in free drop tests, the landing gear
unit shall be dropped with an effective
mass equal to:

A +(l—L) d
WesW| — vy

where:
W,=the eflective Welght to be used in
the drop test,

h=specified helght of drop !n inches.

d =deflection under impact of the tire
(at the approved inflat{on pres-
sure} plus the vertical compo-
nent of the axle travel relative to
the drop mass. The value of 4
used in the computaticen of W,
shgll not exceed the value actu-
ally obtained |n the dtop tests

W =W, for mgin gear units, and shail
be equal to the static weight on
the partlcular unit with the alr-
plane {n the level attitude (with
the nose wheel clear, in the case
0f nose wheel type alrplanes).

W =W for tah gear units, and sha!l be
#5ual ta the static welght on the
tajl unit with the alrplane In the
tall down attitude.

W =Wy far nose wheei units, and shall
be equal to the static reactlon
which wiil extst at the nose wheel
when the mass of the alrplane s
concentrated at the center of
gravity and exerts a force of 1.09
downward and 0.33g forward.

L=ratlo of assumed wing It to air-
plane weight, not greater than
0.667.

The attitude in which the landing gear
unit, is drop tested shall be such as to
simulate the airplane landing condition
which is eritical from the standpoint of
energy to he absorbed by the particular
unit, T

$3.354 Limit load foctor determina-
tion. In determining the limit airplane
inertia load factor n» from the free drop



test described above, the following for-
mula shall be used:
P
n=n, W +L
where:
n,;=the load factor developed in the drop
test, 1, .. the acceleration (d,/d?)

tn g's recorded in the drop test.
plus 1.0.

The value of n s0 determined shall not
be greater thdn the limit inertia load
factor used in the landing conditions,
§ 3.243.

§ 3.355 Reserve energy absorption
drop tests. If compliance with the re-
serve energy absorption condition speci-
fied in §3.352 (b) is demonstrated by
free drop tests, the drop height shall be
not less than 1.44 times the drop height
specified in § 3.353. In simulating wing
lift equal to the airplane weight, the
units shail be dropped with an effective
mass equal to

WZ:WL
h+d

where the symbols and other details are
the same as in § 3.353.

RETRACTING MECHANISM

§3.356 General. The landing gear
retracting mechanism and supporting
structure shall be designed for the maxi-
mum load factors in the flight conditions
when the gear is in the retracted posi-
tion. It shall also be designed for the
combination of friction, inertia, brake
torgue, and air loads occurring during
retraction at any air speed up to 1.6 Vs,
flaps retracted and any load factors up
to those specified for the flaps extended
condition, §3.190. The landing gear
and retracting mechanism, including
the wheel well doors, shall withstand
flight loads with the landing gear ex-
tended at any speed up to at least 1.6 Vs,
flaps retracted. Positive means shall be
provided for the purpose of maintaining
the wheels in the extended position.

§ 3.357 Emergency operation. When
other than manual power for the opera-
tion of the landing gear is emploved,
an auxiliary means of extending the
landing gear shall be provided.

§ 3.358 Operation test. Proper func-
tioning of the landing gear retracting
mechanism shall be demonstrated by
operation tests.

§ 3.359 Pogition indicator and warn-
ing device, When retractable landing
wheels are used. means shall be provided
for indicating to the pilot when the
wheels are secured in the extreme posi-
tions. In addition, landplanes shall be
provided with an aural or equally eflec-
tive warning device which shall function
continuously after the throttle is closed
until the gear is down and locked.

£ 3360 Control See §3.384.
WHEELS AND TIRES

§3.361 Wheels. Main wheels and
nose wheels shall be of an approved type.
The maximum static load rating of each
main wheel and nose wheel shall not be
less than the corresponding static ground
reaction under the design maximum
weight of the airplane and the critical
center of gravity position. The maxi-

mum limit load rating of each maln
whee! and nose wheel shall not be less
than the maximum radial limit load de-
termined in accordance with the ap-
plicable ground load requirements of this
part. (See §§ 3.241 through 3.256.)

§3.362 Tires. A landing gear wheel
may be equipped with any make or type
of tire, provided that the tire is & proper
fit on the rim of the wheel and provided
that the approved tire rating is not ex-
ceeded under the following conditions:

(a) Load on each main wheel tire
equal to the corresponding static ground
reaction under the design maximum
weight of the airplane and the critical
center of gravity position.

(b} Load on nose wheel tires (to be
compared with the dynamic rating es-
tablished for such tires) equal to the re-
action obtained at the nose wheel,
assuming the mass of the airplane con-
centrated at the most critical center of
gravity and exerting & foree of 1.0g down-
ward and 0.31g forward, the reactions
being distributed to the nose and main
wheels by the principle of statics with
the drag reaction at the ground applied
only at those wheels having brakes.
When specially constructed tires are used
to support an airplane, the wheels shall
be plainly and conspicuously marked to
that effect. Such markings shall in-
clude the make, size, number of plies,
and identification marking of the proper
tire.

BRAKES

§ 3.363 Brakes. Brakes shall be in-
stalled which are adequate to prevent
the zirplane from rolling on a paved
runway while applying take-off power to
the critical engine, and of sufficient
capacity to provide adequate speed con-
trol during taxying without the use of
excessive perlal or hand forces.

SKIS

§3.364 Skis. Bkis shall be of an ap-
proved type. The maximum limit load
rating of each ski shall not be less than
the maximum limit load determined in
aceordance with the applicable ground

load requirements of this part. (See
§§ 3.241 through 3.257.)
HuUiLs AND FLOATS
§3371 Seaplane main floats, Sea-

plane main floats shall be of an approved
type and shall comply with the provi-
sions of § 3.265. In addition, the follow-
ing shall apply:

()} Buoyancy. Each seaplane main
fioat shall have a buoyancy of 80 percent
in excess of that required to support the
maximum weight of the seaplane in fresh
water.

(b) Compartmentation. Each sea-
plane main float for use on airplanes of
2,500 pounds or more maximum weight
shali contain not less than 5 watertight
compartments, and those for use on air-
planes of less than 2,500 pounds maxi-
mum weight shall contain not less than
4 such compartments, The compart-
ments shall have approximately equal
volumes.

§3.372 Buovancy (boaf seaplanes).
The hulls of bpat seaplanes and amphib-
ians shall be divided into watertight
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compartments in accordance with {he
following requirements:

(a) In airplanes of 5,000 pounds or
more maximum weight, the compert-
ments shall be so arranged that, with
any two adjacent compartments fiooded,
the hull and auxiliary fioats (and tires, if
used) will retain sufficient buoyancy to
support the maximum weight of the air-
plane in fresh water.

(b) In airplanes of 1,500 to 5,000
pounds maximum weight, the compart-
ments shall be 50 arranged that, with any
one compartment focded, the hull and
puxiliary fioats (and tires, if used) will
retain sufficient buoyaney to support the
maximum weight of the airplane in fresh
water.

(¢) In airplanes of less than 1,500
pounds maximum weight, watertight
subdivision of the hull is not required.

(d) Bulkheads may have watertight
doors for the purpose of commaumnication
between compartments.

§3.373 Water stability. Auxiliary
floats shall be so arranged that when
completely submerged In fresh watet,
they will provide a righting moment
which is at least 1.5 times the upsetting
moment caused by the airplane being
tilted. A greater degree of stability may
be required by the Administrator in the
case of large flying boats, depending on
the height of the center of gravity above
the water level, the area and location of
wings and tail surfaces, and other con-
siderations.

FUSELAGE

PILOT COMPARTMENT

§3.381 General. (a) The arrange-
ment of the pilot compartment and its
appurtenances shall provide a satisfac-
tory degree of safety and assurance that
the pilot will be able to perform all his
dulies and operate the controls in the
correct manner without unreasonable
concentration and fatigue.

(b) The primary flight control units
listed on PFigure 3~14, excluding cables
and control rods, shall be so Iocated with
respect to the propellers that no portion
of the pilot or controls lies in the region
between the plane of rotation of any in-
board propeller and the surface gener-
ated by a line passing through the center
of the propeller hub and making an
angle of 5° forward or aft of the plane
of rotation of the propeller.

§ 3382 Vision. The pilot compart-
ment shall be arranged to afford the
pilot a sufficiently extensive, clear, and
undistorted view for the safe operation
of the airplane. During fight in a mod-
erate rain eondition, the pilot shall have
an adequate view of the flight path in
normal flight and landing, and have suf-
ficient protection from the elements so
that his vision is not unduly impaired.
This may be accomplished by providing
an openable window or by & means for
maintaining 8 portion of the windshield
in a clear condition without continuous
attention by the pilot. The pilot com-
partment shall be free of glare and re-
flections which would interfere with the
pilot’s vision. For airplanes intended
for night operation, the demonstration
of these qualities shall include night
flight tests.
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§3.383  Pilot windshield and windows.
All glass panes shall be of a nonsplinter-
ing safety type.

§3.384 Cockpit controls. (a) All
coekpit controls shall be so located and,
except for those the function of which is
obvious, identified as to provide con-
venience in operation including provi-
sions to prevent the possibility of confu-
sion and consequent inadvertent opera-
tion. (See Fig. 3-14 for required sense
of motion of cockpit controls) The
controls shall be so located and arragnged
that when seated it will be readily pos-
sible for the pilot to obtain full and un-
restricted movement of each control
without interference from either his
clothing or the cockpit structure.

(b) Identical power-plant controls for
the several engines in the case of multi-
engine airplanes shall be so located as to
prevent any misleading impression as to
the engines to which they relate.

Movement and actuation

Controls
Primary:
Afleron___.. .. Right {clockwise) for right
wing down.
Hlevator. ... Rearward for nose up,
Rudder....... Right pedal forward for
nose right.

Power plant:
Throttle___... Forward to open.

PIGUre 3-14 CocEPIT CoNTROLS

§$3.385 Instrumenis and markings.
See §3.661 relative to instrument ar-
rangement. The operational markings,
instructions, and placards required for
the instruments and controls are speci-
fied inn §§ 3.756 to 3.765.

EMERGENCY PROVISIONS

§ 3.386 Protection. The fuselage
shall be designed to give reasonable as-
surance that each occupant, if he makes
proper use of belts or harness for which
pravisions are made in the design, will
not suffer serious injury during minor
crash conditions as a result of contact of
any vulnerable part of his body with any
penetrating or relatively solid object, al-
though it is accepted that parts of the
airplane may be damaged.

(a} The ultimate =accelerations to
which occupants are assumed to he sub-
jected shall be as follows:

| N.U 1 A
Upward | R , 2.00 | £ 5¢
Forward . . 9.0 9.0¢
Sideward. 15, 1.55

(b) For airplanes having retrazctabile
landing gear, the fuselage in combina-
tlon with other portions of the structure
shall be designed to afford protection of
the occupants in a wheels-up landing
with moderate descent velocity.

(¢c) If the characteristics of an air-
plane are such as to make a turnover
reasonably probable, the fuselage of
such an airplane in combination with
other portions of the structure shall be
designed to afford protection of the occu-
pafits in a cetnplete turhover.

Norz: In §3.388 (b) and {(c}, a vertical
ultimate acceleration of 3g and a friction

coefficient of 0.5 at the ground may be as-
sumed.

(d) The inertia forces specified for N,
U, and A category airplanes in para-
graph (a) of this section shall be applied
to all items of mass which would be apt
to injure the passehgers or crew if such
items became loose in the event of a
minor erash landing, and the supporting
structire shall be designed to restrain
these items.

§ 3.387 Ezits. (a) Closed cabins on
airplanes carrying more than 5 persons
shall be provided with emergency exits
consisting of movable windows or panels
or of additional extermal deoors which
provide & clear and unobstructed open-
ing, the minimurn dimeunsions of which
shall be such that a 19-by-26-inch ellipse
may be completely inseribed therein,
The exits shall be readily accessible,
shall not require exceptional agility of
a person using them, and shall be dis-
tributed so as to facilitate egress with-
out crowding in all probable attitudes
resulting from & crash. 'The method
of opening shall be simple and obvi-
ous, and the exits shall be so arranged
and marked 25 to be readily located and
operated even in darkness. Reasonable
provisions shall be made against the
jamming of exits as a result of fuselage
deformation. The proper functioning of
exits shall be demonstrated by tests.

(b)Y The number of emergency exits
required is as follows:

(1) Airplanes with a total seating eca-
pacity of more than 5 persons, but hot in
excess of 15, shal]l be provided with at
least one emergency exit or one suitahle
door in addition to the main door speci-
fled in §3.389 This emergency exit,
or second door, shall be on the opposite
side of the cabin from the main door.

(2) Airplanes with a seating capacity
of more than 15 persons shall be pro-
vided with emergency exits or doors in
addition to those required in paragraph
(b (1) of this section. There shall be
one such additional exit or door located
either in the top or side of the cabin for
every additional 7 persons or fraction
thereof above 15, except that not more
than four exits. ineluding doors, will be
required if the arrangement and dimen-
sions are suitable for quick evacuation of
all oceupants.

{c) If the pilot compartment is sepa-
rated from the cabin by a door which is
likely to block escape in the event of
a minor crash, it shall have its own exit,
but such exit shall not be considered as
an emergency exit for the passengers.

(d) In categories U and A exits shall
be provided which will permit all occu-
pants to bail out quickly with parachutes,

§3.388 Fire precautions—(a) Cabin
interiors. Only materials which are
flash-resistant shall be ysed. In com-
partments where smoking is {0 be per-
mitted, the wall and ceiling linings, the
covering of all upholstering, floors, and
furnishings shall be flame-resistant.
Such compartments shall be equipped
with an adequate number of seif-con-
tained ash trays. All other compart-
ments shall be placarded against
smoking.

(b) Combustion heaters. If combus-
tion heaters are installed, they shall be
of an approved {ype. The installation
shall comply with applicable parts of the
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powerplant installation requirements
covering fire hazards and precautions.
All applicahle reguirements concerning
fuel tanks, lines, and exhaust systems
shall be considered.

PERSONNEL AND CARGO ACCOMMODATIONS

§ 3.389 Doors. Closed cabins on all
airplanes carrying passengers shall be
provided with at least one adequate and
easily accessible external door. No pas-
senger door shall be so located with re-
spect to the propeller dises as to en-
danger persons using the doaor.

$3.390 Seats angd berths. All seats
and berths shall be of an approved type.
They and their supporting structures
shall be designed for an occupant weigh-
ing nt least 170 pounds (180 pounds with
parachute for seats intended for the
acrobatic and utility categories) and for
the maximum load factors correspond-
ing with ail specified flizht and ground
lgad-conditions including the emergency
landing conditions preseribed in § 3.386.
The provisions of paragraphs {a}
through (d) of this section shall also
apply:

fa) Pilot seats shall be designed for
the reactions resulting from the appli-
cation of pilot forces to the primary
fiight controls as prescribed in § 3.231.

i All seats in the U and A categories
shall be designed to accornmodate pas-
sengers wearing parachutes, unless pla-
carded in accordance with § 3.74 (o).

(c) Berths shall be so designed that
the forward portion is provided with a
padded end board, a canvas diaphragm,
or other equivalent means, capable of
withstanding the sialic load reaction of
the occupant when subjected to the for-
warld accelerations prescribed in § 3.386.
Berths shall be provided with an ap-
proved safety belt and shall be free from
corners ar protuberances likely to cause
serious injury to a person gccupying the
berth during emergency conditions.
Berth safety belt attachments shall
withstand the critical loads resulting
from all relevant fight and ground load
conditions and {rom the emergency
landing conditions of § 3.386 with the
excepticn of the forward load.

(d) In determining the strength of
the attachment of the seat and berth to
the structure, the accelerations pre-
seribed in § 3.386 shall be multiplied by
a factor of 1.33.

§$3.392 Cargoe compartments. Each
cargo compartment shall be designed for
the placarded maximum weight of eon-
tents and critical load distributions at
the appropriate maximum load factors
corresponding to all specified flight and
ground load conditions. Suitable provi-
sions shall be made to prevent the con-
tents of cargo compartments from be-
coming a hazard by shifticg. Such pro-
visions shall be adequate to protect the
pascengers from injury by the contents
of any cargo compartment when the ul-
timate forward geting accelerating force
is 4.5g.

§3.393 Ventilation. All passenger
and crew compartments shall be suit-
ably ventilated. Carbon monoxide con-
centration shall not exceed 1 part 1D
20,000 parts of air.



§3.651 Fuel valves. (a) Means shall
be.provided to permit the flight person-
nei to shut off rapidly the flow of fuel o
sny engine individually in flight, Valves
provided for this purpose shall be located
on the side of the fire wall most remote
from the engine.

{b? Shut-off valves shall be so con-
structed as to make it possible for the
flight personmnel to reopen the valves rap-
idly after they have cnce been closed.

(¢} Valves shall be provided with either
pasitive stops or “feel” in the on and off
positions and shall he supported in such
a mannrer that loads’ resulting from their
operation or from accelerated flight con-
ditions are not transmitted to the lines
connected to the valye, Valves shall be
so installed that the effect of gravity and
vibration will tend to turn their handles
to the open rather than the closed past-
fion.

«d) Fuel valve handles and their con-
nections to the valve mechanism shall
incorporate design features to minimize
the possibility of incaorrect installation.

§3.552 Fuel strainer. A fuel strain-
er shall be provided between the fuel
tank outlet and the carburefor inlet. If
an engine-driven fuel pump is provided,
the strainer shall be located between the
tank outlet and the engine-driven pump
inlet. The strainer shall be accessible
for drainage and cleaning, and the
straiter screen shall be removable.

DRAINS AND INSTRUMENTS

§3.553 Fuel system drains. Drains
shall be provided to permit safe draln-
age of the entire fuel system and shall
incorporate means for locking in the
closed position, The provisions for
drainage shall be effective in the normal
ground attitude.

§3.554 Puel system instruments. (See
§ 3.655 and §§ 3.67C through 3.673.)

On SYSTEM

§ 3.561 Oil system. Each engine shall
he provided with an independent oil sys-
tem capable of supplylng the engine with
an ample quantity of oli at 4 tempera-
ture not exceeding the maximum which
has been established as safe for continu-
ous aperation. The usahle oil tank ca-
pacity shall not be less than the product
of the endurance of the airplane under
critical operating conditions and the
maximum oil consumption of the engine
under the same conditions. plus a suit-
able margin to assure adequate system
circulation and cooling.

§ 3.562 Qil cooling. See § 3581 and
pertinent sections.

QIL TANES

§ 3.563 Oil tenks, Qil tanks shall be
capable of withstanding without failure
all vibration, inertia, and fluid loads to
which they might be subjected in
operation. Flexible oil tank liners shall
be of an acceptable type.

§3.564 Qil tank tests. Qil tank tests
shal] be the same as fuel tank tests (see
§3.441), except as follows:

‘ay The 3.5 p. s. L. pressure specified 1o
3 3.441 ra) shall be 5 pounds p. 5. L

‘br In the case of tanks with non-
metallic liners, the test fluid shall be oil

rather than fuel as specifled in § 3.441
(d} and the slosh test ¢n a specimen liner
shal] be eonducted with oil at a temper-
ature of 250° F.

§3.566 Qil tank installation. Oil
tank instzligttons shall comply with the
requirements of § 3,442 (a) and (h).

§$3.568 ©il tank erpansion space.
Oil tanks shall be provided with an ex-
pansion space of not less than 10 per-
ceat of the tank capacity or % gallon,
whichever is greater. It shall not be
pessible inadvertentiy to flll the oil tank
expansion space when the airplane is in
the normal ground attitude.

§3.587 Qil tank filler connection.
0Oi] tank {ller connections shal] be
marked as specified in § 3.787.

§ 3.568 Qil tank vent. (a) Qil tanks
shall be vented to the engine crankcase
{from the top of the exXpansion space in
such a manner that the vent connection
is not covered by oi]l u.ader any normal
flisht conditions. Qil tank venis shall
be so arranged that condensed water
vapor whiech might freeze and obstruct
the line cannot accumulate at any point.

(L) Category A. Provision shall be
made to prevent hazardous loss of oil
during acrobatic maneuvers including
short periods of inverted Aight.

§3.569 Oil tank outiet. The oi] tank
outlet shall no' be enclesed or covered
by any screen or other guard which
might impede the flow of oil, The diam-
eter of the oll tank outlet shall not be
less than the diameter of the engine oil
pumnp inlet, (See also § 3.597.)

LINES, FITTINGS, AND ACCESSORIES

§3.570 Ol system lines, fittings, and
accessories. Ol lines shall comply with
the provisions of § 3.550, except that
the insid¢ diameter of the engine oil in-
let and; cutlet lines shall not be less
than the diameter of the corresponding
enginef-oil pump inlet and outlet.

§3571 Oilvelves. See § 3.637.

§3.572 0Oil radiagtors. Oll radiators
and their support shall be capable of
withstanding without fatiure any vibra-
tion, inertia, and oil pressure loads to
which they might normally be subjected.

§$3.573 0Oil filters. 1f the engine is
equipped with an oil filter, the filter shall
be constructed and installed {n such a
manner that complete blecking of the
flow through the filter element will not
jeopardize the continued operation of the
engine oll supply system.

§3.57¢ il system drains. Drajns
shall be provided to permit safe drainage
of the entire oll system ang shall incor-
porat2 means for positive locking in the
closed position.

§3.570 KEngine breather lines. (a)
Bugine bregther lines shall he so ar-
ranged that condensed water vapor
which might freeze and obstruct the line
cannot accumulate at any point
Breathers shall discharge in a iocation
which wili not constitute a fire hazard
in case foaming occurs and so that oil
emitted from the line will not impinge
upon the pilot’s windshield. The
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breather shall not discharge {nto the
engine air induction system.

ib) Category A. 1In the case of acro-
batic type airplanes, provision shall be
made to prevent excessive loss of ol] from
the breather during acrobatic maneuvers
including short periods of inverted flight.

§3.5768 Od system instruments. See
§§ 3.655, 3.67¢, 3.671. and 3.674.

§ 3.577 Propeller feqthering susiem.
If the propeller feathering system is de-
pendent upon the use of the engine ofl
supply, provision shall be made to trap a
quantity of oil in the tank in case the
supply becomes depleted due to fallure of
any portion of the lubricating system
other than the tank itself. The quantity
of oif so trapped shall he suffictent to ac-
commplish the feathering operation and
shali be avallable only 1o the feathering
pump. The ability of the system to ac-
complish feathering when the supply of
oil has fallen to the ahove level shall ke
demonstrated.

COOLING

$3.581 Genergl. The power-plant
cooling provisions shall be capable of
maintaining the temperatures of all
power-plant components, engine parts,
and engine fuids (ofl and coolant), at or
belov: the maximum established safe val-
ues under critical conditions of ground
and flight operation.

TESIS

§ 3582 Cooling tests. Compliance
with the provisions of § 3.581 shall be
demonstrated under eritical ground, wa-
ter, and flight operating conditions. 11
the tests are conducted under conditions
which deviate from the highest antici-
pated summer 2ir temperature (see
§ 3.583), the recorded power-plant tem-
peratures shall be corrected in accord-
ance with the provisions of §§ 3.584 and
3.585. The corrected temperatures de-
termined in this manner shall not exceed
the maximum established safe values.
The fyel used during the cooling tests
shzall be of the minitnum octane number
approved for the engines involved, and
the mixture settings shall be those appro-
priate to the operating conditions. The
test procedures shall be as cutlitted in
§§ 3.586 and 3.587.

13.583 Mazximum anlicipated sum-
mer gir temperaiures. The maximum
anticipated summer air temperature
shall be considered o be 100° F. at sea
level and to decrease from this value at
the rate of 3.6° F. per thousand feet of
altitude above sea level

§3.584 Carrection fgctor for cuylin-
der nead, oil inlet, carburetor air, and
engine coolant inlet temperatures.
These temperatures shall be corrected by
adding the difference hetween the max-
imum anticipated summer air {empera-
ture and the temperature of the ambient
air at the time of the first occurrence of
maximum head, air, oil, or coolant tem.
perature recorded during the cooling test.

§ 3.585 Correction factor for cylinder
barrel temperatures. Cylinder barrel
temperatures shall be corrected by add-
ing 0.7 of the difference heiween the
maximum anticipated summer air tem-
perature and the temperature of the am-



MISCELLANECUS

§ 3401 Leveling marks. Leveling
marks shall be provided for leveling the
airplane on the ground.

SUBPART E—POWER-PLANT INSTALLATIONS;
RECIPROCATING ENGINES

(GENERAL

§3.411 Components. (1) The power-
plant installation shall be considered to
include all components of the airplane
which are necessary for its propuision.
It shall also be considered to include all
componeénts which affect the control of
the major propulsive units or which af-
fect their continued safety of operation.

(b) All compoenents of the power-plant
installation shall be constructed, ar-
ranged, and installed in a manner which
will assure the continued safe operation
of the airplane and power plant. Acces-
sibility shall be provided to permit such
inspection and maintenance as is neces-
sary to assure continued airworthiness.

ENGINES AND PROPELLERS

% 3415 Engines. Engines installed in
certificated airplanes shall be of a type
which has been certificated in accord-
ance with the provisions of Part 13 of
this subchapter.

§ 3416 Propellers. (a) Propellers in-
stalled in certificated eirplanes shall be
of a type which has been certificated in
accordance with the provisions of Part
14 of this subchapter.

{(b) The maximum engine power and
propeller shaft rotational speed permis-
sible for use in the particular airplane
involved shall not exceed the correspond-
ing limits for which the propeller has
been certificated,

§3.417 Propelier vibration. In the
case of propellers with metal blades or
other highly stressed metal components,
the magnitude of the critical vibration
stresses under ali normal conditions of
operation shall be determined by actual
measturements or by comparison with
similar installations for which such
measurements have been made. The
vibration stresses thus determined shail
not exceed values which have been dem-
onstrated to be safe for continuous oper-
ation. Vibration tests may be waived
and the propeller installation accepted
on the basis of service experience, engine
or ground tests which show adequate
margins of safety, or other considerations
which satisfactorily substantiate its
safety ip this respect. In addition teo
metal propeliers, the Administrator may
require that similar substantiation of the
vibration characteristics be accomplished
for other types of propellers, with the
exception of cgnventional Axed-pitch
wood propellers.

§ 3418 Propeller pitch and speed
limitations. The propelier pitch and
speed shall be limited to values which
will assure safe operation under all
normal conditions of operation and will
assure compliance with the performance
requirements specified in §§ 3.81-3.86.

§3.419 Speed limitations for fized-
pitch propellers, ground adjustable pitch
propellers, aend automatically varying

pitch propellers which cannot be con-
trolled in ARight. (a) During take-off
and initial elimb at best rate-of-climb
sper. the propeller, in the case of fixed-
pitch or ground adjustable types, shall
restrain the engine to s speed not exceed-
ing its maximum permissible take-off
speed and, in the case of automatic vari-
able-pitch types, shall Bmit the maxi-
mum governed engine revolutions per
minute to g speed not exceeding the
maximumm permissible take-off speed.
In demonstrating compliance with this
provision the engine shall be cperated at
full throitie or the throttle setting corre-
sponding to the maximum permissible
take-off manifold pressure.

(b} Puring a closed throttle glide at
the placard, “never-exceed speed” (see
§ 3.732), the propeller shall not cause the
engine to rotate at a speed ih excess of
110 percent of its maximum allowable
continuous speed.

$3.420 Speed and pitch lmitations
for controllable pitch propellers without
constant speed controls, The stops or
other means incorporated in the pro-
peller mechanism to restrict the piteh
range shall limit (8> the lowest possible
blade pitch to a value which will assure
compliance with the provisions of
§3.419 (), and (b) the highest possible
blade piteh to a value not lower than the
flattest blade piteh with which compli-
ance with the provisions of § 3.419 (b}
can be demonstrated,

§ 3421 Variable pitch propellers with
constant speed conirels. () Suitable
means shall be provided at the governor
to limit the speed of the propeller.
Such means shall limit the maximum
governed engine speed to a value not
exceeding {ts maximum permissible
take-off revolutions per minute,

(b) The low pitch blade stop, or other
means incorporated in the propeller
mechanisim to restrict the pitch range,
shall [imit the speed of the engine to a
value not exceeding 103 percent of the
Mmaximum permissible take-off revolu-
tions per minute under the following
conditions;

(1) Propeller blades set in the lowest
possible piteh and the governor inop-
erative.

(2) Engine operating at take-off man-
ifold pressure with the sirplane station-
ary and with no wind.

§3.422 Propeller clearance. With
the airplane Joaded to the mazimum
weight and most adverse center of gray-
ity position and the propeller in the
most adverse pitch position, propeller
clearances shall not be less than the
following. unless smaller clearances are
properly substantiated for the particular
design involved:

(e} Ground clegrance. (1) Seven
inches (for rirplanes equipped with nose
wheel type landing gears) or 9 inches
(for airplanes equipped with tsil wheel
type landing gears) with the landing
gear statically deflected and the airplane
in the level, normal take-off, or texying
attitude, whichever is most eritical.

(2) In addftion to subparagraph (1}
of this paragraph, there shall be positive
clearance between the propeller and the
ground when, with the airplane in the
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level take-off attitude, the critical tire is
completely deflated and the corréspond-
ing landing gear strut is completely bot-
tomed.

(b) Water cleargnce, A minimum
clearance of 18 inches shall be provided
undess compliance with §3.147 can be
demonstrated with lesser clearance.

(¢} Structural cleargnce. (1) One
ineh radial clearance between the hlade
tips and the airplane structure, or what-
ever additional radial clearance is neces-
sary to preclude harmful vibration of
the propeller or airplane,

(2) One-half inch longitudinal clear-
ance between the propeller blades or
cuffs and stationary portions of the air-
plane. Adeguate positive clearance
shall be provided between other rotating
portions of the propeller or spinner and
stationary portions of the airplane.

PUEL SYSTEM

§3428 Qeneral. The fuel system
shall be constructed and arranged in a
manner to assure the provision of fuel
to each engine at a fiow rate and pres-
sure adequate for proper engine func-
tioning under zll normal conditions of
operation, including all maneuvers and
acrobatics for which the airplane is in-
tended.

ARRANGEMENT

§3.430 Fuel systeon arrangement.
Fuel systems shall be so arranged as to
permit any one fuel pump to draw fuel
from only one tank at a time. Gravity
feed systems shall not supply fuel to
any gne engine from more than one tank
gt a time unless the tank air spaces are
interconnected in such & manner as to
assure that all interconnected tanks will
feed equally. (See also §3.438.)

§ 3,431 Multiengine fuel system ar-
rangement. The fuel systems of multi-
engine airplanes shall be arranged to
permit operation in at least one configu-
ration in such a manner that the fajlure
of any one component will not result in
the loss of power of more than one engine
and will not require immediate action by
the pilot to prevent the loss of power of
more than ohe engine. Unless other pra-
visions are made to comply with this re-
quirement, the fuel system shall be
arranged to permit supplying fuel to
eech engine through a system entirely
independent of any portion of the system
supplying fuel to the other engines.

Note: It iz not necessarily intended that
fuel tanks proper be separate for each engine
if & common tank is provided with separate
outlets and the remainder of the fuel sys-
tem is independent.

§3.432 Pressure eross feed arrange-
ments. Pressure cross feed lines shsll
not pass through portions of the air-
plane devoted to carrying personnel or
cargo, unless means are provided to per-
mit the fight personnel to shut off the
supply of fuel to these lines, or unless
any joints, fittings, or other possible
sources of leakage installed in such lines
are enclosed in a fuel- and fume-proof
enclosure which is ventilated and
drained to the exterior of the airplane.
Bare tubing need not be enclosed but
shall be protected where necessary
against possible inadvertent damage.
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$3.433 Fuel flow rate. The ability
of tie fuel system to provide the re-
quied fuel flow rate and pressure shall
be demonstrated when the airplane is in
the attitude which represents the most
adverse condition from the standpoint
of fuel feed and quantity of unusable
fuel in the tank. During this test fuel
shall be delivered to the engine at the
applicable flow rate (see §§ 3.434-3.436)
and at a pressure not less than the mini-
mum required for proper carburetor
operation. A suitable mock-up of the
system, in which the-most adverse con-
ditions are simulated. may be used for
this purpose. The quantity of fuel in
the tank being tested shall not exceed
the amount established as the unusable
fuel supply for that tank as determined
by demonstration of compliance with
the provisions of §3.437 (see also
$§ 3.440 and 3.672), plus whatever mini-
mum quantity of fuel it may be neces-
sary to add for the purpose of conduct-
ing the flow test. If a fuel flowmeter is
provided, the meter shall be blocked
during the flow test and the fuel shall
flow through the meter bypass.

§3.434 Fuel flow rate for gravity sys-
tems. The fuel flow rate for gravity
systems (main and reserve supply) shall
be 150 percent of the =ctual take-off fuel
consumption of the engine.

§3.435 Fuel flow rate for pump sys-
tems. The fuel flow rate for pump sys-
tems (main ahd reserve suppiy) shall be
0.8 pound per hour for each take-off
horsepower or 125 percent of the actual
take-off fuel consumption of the engine,
whichever is greater. This flow rate
shall be applicable to both the primary
engine-driven pump and the emergency
pumps and shall be available when the
pump is running at the speed at which
it would normally be operating during
take-off., In the case of hand-operated
pumnps, this speed shall be considered to
be not more than 60 complete cycles (120
single strokes) per minute,

§3.436 Fuel flow rate for aucxiligry
fuel systems and fuel transfer systems.
The provisions of §3.434 or § 3.435,
whichever is applicable, shall also apply

to auxiliary and transfer systems with-

the exception that the required fuel flow
rate shall be established upon the basis
of maximum continuous power and
speed instead of take-off power and speed.
A lesser flow rate shall he acceptable,
however, in the case of a small auxiliary
tank feeding into a large main tank,
provided a suitable placard is installed to
require that the auxiliary tank must only
be opened to the main tank when a
predetermined satisfactory amount of
fuel stil]l remains in the main tank.

§ 3.437 Determination of unusable
fuel supply and fuel system operation on
low fuel. (a) The unusable fuel supply
for each tank shall be established as not
less than the quantity at which the first
evidence of maifunctioning occurs under
the conditions specified in this section.
(See also § 3.440.* In the case of air-
plarfes equipped with more than one fuel
tank. any tank which is not required to
feed the engine in 2il of the conditions
specified in this section need be investi-

gated only for those flight conditions in
which it shall be used and the unusable
fuel supply for the particular tank in
question shall then be based on the most
critical of those conditions which are
found to be applicable. In all such
cases, information regarding the condi-
tions under which the full amount of
usable fuel in the tank can safely be used
shall be made available to the operating
personnel by means of a suitable piacard
or instructions in the Airplane Flight
Manual.

{b)» Upon presentation of the airplane
for test, the applicant shall stipulate the
quantity of fuel with which he chooses
to demonstrate compliance with this
provision and shall also indicate which
of the following conditions is most crit-
ieal from the standpoint of establishing
the unusable fuel supply. He shall also
indicate the order in which the other
conditions are critical from this stand-
point:

(1) Level flight at maximum continu-
ous power or the power required for level
flight at Ve, whichever is less.

(2) Climb at maximum continuous
power at the calculated best angle of
climb at minimum weight.

(3) Rapid application of power and
subsequent transition to best rate of
climb following a power-off glide at
1.3 Vs,

(4) Sideslips and skids in level flight,
climb, and glide under the conditions
specified in subparagraphs (1), (2), and
(3» of this paragraph, of the greatest
severity likely to be encountered in nor-
mal service or in turbulent air.

{c) In the case of utility category air-
planes, there shall be no evidence of mal-
functioning during the execution of all
approved maneuvers included in the Air-
plane Flight Manual. During this test
the quantity of fuel in each tank shall
not exceed the quantity established as
the unusable fuel supply, in accordance
with paragraph (b» of this section, plus
0.03 gallon for each maximum continu-
ous horsepower for which the airplane is
certificated.

(d) In the case of acrobatic category
airplanes, there shall be no evidence of
malfunctioning during the execution of
all approved maneuvers included in the
Airplane Flight Manual. During this
test the quantity of fuel in each tank
shall not exceed that specified in para-
graph (¢) of this section.

(e' If an engine can be supplied with
fuel from more than one tank, it shall
be possible to regain the full power and
fuel pressure of that engine in not more
than 10 seconds (for single-engine air-
planes: or 20 seconds {(for multiengine
airplanes) after switching to any full
tank after engine malfunctioning be-
comes apparent due to the depletion of
the fuel supply in any tank from which
the engine can be fed. Compliance with
this provision shall be demonstrated in
ievel fight.

(fy There shall be no evidence of mali-
functioning during take-off and climb
for 1 minute at the calculated attitude
of best angle of climb at take-off power
and minimum weight. A% the beginning
of this test the quantity of fuel in each
tank shall not exceed that specified in
paragraph (¢) of this section.
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§ 3.438 Fuel system hot weather oper-
ation, Airplanes with suction lift fuel
systems or other fuel systen features
conducive to vapor formation shall he
demonstrated to be free from vapor lock
when using fuel at a temperature of 110°
F. under critical operating conditions.

§ 3.439 Flow between interconnecled
tanks. In the case of gravity feed sys-
tems with tanks whose outlets are in-
terconnected, it shall not be possible for
fuel to flow between tanks in guantities
sufficient to cause an overflow of fuel
from the tank vent when the airplane is
operated as specified in § 3.437 (a) and
the tanks are full.

FUEL TANKES

§3.440 General. Fuel tanks shall he
capable of withstanding without failure
any vibration, inertia, and filuid and
struectural loads to which they may be
subjected in operation. Flexible fuel
tank liners shall be of an acceptable type.
Integral type fuel tanks shall be provided
with adegquate facilities for the inspec-
tion and repair of the tank interior, The
total usable capacity of the fuel tanks
shail be sufficient for nhot less than one-
half hour operation at rated maximum
continuous power (see § 3.74 (d)). The
unusable capacity shall be considered to
be the minimum quantity of fuel which
will permit compliance with the provi-
sions of §3.437. The fuel quantity in-
dicator shall be adjusted to account for
the unusable fuel supply as specified in
§ 3.672. If the unusable fuel supply in
any tank exceeds 5 percent of the tank
capacity or 1 gallon, whichever is greater,
a placard and a saitable notation in the
Airplane Flight Manual shall be provided
to indicate to the flight personnel that
the fuel remaining in the tank when the
quantlty indicator reads zero cannot be
used safely in flight. The weight of the
unusable fuel supply shall be included in
the empty weight of the airplane.

§3.44) Fuel tank tests. (a) Fuel
tanks shall be capable of withstanding
the following pressure tests without fail-
ure or leakage. These pressures may be
applied in a manner simulating the
actnal pressure distribution in service:

(1) Conventional metal tanks and
nonmetallic tanks whose walls are not
supported by the airplane structure: A
pressure of 3.5 p. s. i. or the pressure de-
veloped during the maximum ultimate
acceleration of the alrplane with a full
tank, whichever is greater.

(2) Integral tanks: The pressure de-
veloped during the maximum limit ac-
celeration of the airplane with a full
tank, simultaneously with the applica-
tion of the critical limit structural loads.

(3) Nonmetallic tanks the walls of
which are supported by the airplane
structure: Tanks constructed of an ae-
ceptabie basic tank material and type of
construction and with actual or simu-
lated support c¢onditions shall be sub-
jected to a pressure of 2 p. 8. 1. for the
first tank of a specific design. The sup-
porting structure shall be. designed for
the critical loads occurring in the flight
or landing strength conditions combined
with the fuel pressure loads resulting
from the corresponding acceierations.



(b) (1) Tanks with large unsupported
or unstiffened flat areas shall be capable
of withstanding the following tests with-
out leakzpge or failure. The complete
tank assembly, together with its sup-
ports, shall be subjected to & vibration
test when mounted in 2 manner simulat~
ing the actual installation. The tank
assernbly shall be vibrated for 25 hours
at a total amplitude of not less than ¥%:
of an inch while filled % full of water.
The frequency o! vibration shall be 90
percent of the maximunm conhtinuous
rated speed of the engine uniess some
other frequency within the normal
operating range of speeds of the engine
is more critical, in which case the latter
speed shall be employed and the time of
test shall be adjusted to accomplish the
same number of vibration cycles.

i2) In conjunction with the vibration
test, the tank assemb.y shall be rocked
through an angle of 15° on either side of
the horizontal (30° total) about an axis
parallel to the axis of the fuselage. The
assembly shall be rocked at the rate of
16 to 20 complete cycles per minute,

(¢) Integral tanks which incorporate
methods of construction and sealing not
previously substantiated by satisfactory
test data or service experience shall be
capable of withstanding the vibration
test specified in paragraph (b)) of this
section.

(d) (1) Tanks with nonmetallic
liners shall be subjected to the sloshing
portion of the test outlined under para-
graph (bt of this section with fuel at
room temperature.

(2) In addition, & specimen liner of
the same basi¢ construction as that to
be used in the airplane shall, when in-
stalled in a suitable test tank, satisfac-
torily withstand the slosh test with fuel
at a temperature of 110° P,

§ 3.442 Fuel tank installation. ()
The method of supporiling tanks shall
not be such as to concentrate the loads
resulting from the weight of the fuel in
the tanks. Pads shall be provided to
prevent chafing between the tank and
its supports. Materials employed for
padding shall be nonabsorbent or shiall be
treated to prevent the absorption of fuels.
If flexibie tank liners are employed, they
shall be of an approved type, and they
sha.l be so supported that the lner is nog
required to withstand fiuid loads. In-
terior surfaces of compartments for such
liners shall be smooth anc free of pro-
jections which are apt to cause wear of
the liner, unless provisions are made for
the protection of the lner at such peints
cr unless the construction of the liner
ftself provides such protection. A posi-
tive pressure shall be maintained within
the vapor space of all bladder eels under
all conditions of operation including the
critical condition aof low =ir speed and
rate of descent }ikely to be encountered
in normal operation.

(b Tank compartments shall be ven-
tllated and drained to prevent ‘he aec-
cumulation of inflammable fuids or
vapors. Compartments adjacent to
tanks which are an integral part of the
airplane structure shall glso be ventilated
and drained.

(¢) Puel tanks shall not be located on
the engine side of the fire wall. Not

less than one-half inch of clear air spaee
shall be provided between the fuel tank
and the fire wall. No poriion of engine
nacelle skin which lies immediately be-
hind s mator air egress opening from the
engine compartment shall act as the wall
of an integra! tank, Fuel tanks shall
not be loecated in personnel compart-
ments, except in the case of single-
engine g2irplanes. In such cases fuel
tanks the capacity of which does not
exceed 25 gallons may be located in per-
sonnel compartments, if adequate venti-
lation and drainage are provided. In
all other ecases, fuel tanks shall be iso-
lated from personne! compartments by
means of fume and fuel proof enclosures

§3.443 Fuel 2ank erpansion space.
Fuel tanks shall be provided with an ex-
pangion space of not less than 2 percent
of the tank capacity, unless the tank
vent discharges clear of the aircraft in
which case no expansion space will be
required. It shall not be possible in-
advertently {o fill the fuel tank expan-
sion space when the sirplane is in the
normal ground attitude.

§ 3444 Fuel tank sump. (@) Each
tank shall be provided with a drainable
sump having a capacity of not less than
0.25 percent of the tank capacity or e
gallon, whichever is the greater. It shall
be acceptable to dispense with the sump
if the fuel system is provided with a sedi-
ment bowl permitting ground inspec-
tion. The sediment bow! shall also be
arccessible for drainage. The capacity of
the sediment chamber shall not be less
than 1 ounce per each 20 gallons of the
fuel tank capacity.

{h) If & fuel tank sump is provided,
the capacity specified in paragraph {(a)
of this section shall be effective with
the airplane in the normal ground atti-
tude and In all normal Aight attitudes.

(c) If a separate sediment bowl is pro-
vided in lieu of a tank sump, the fuel
tank cutlet shall be so located that, when
the airplane is in the normal ground at-
titude, water will drain from all portions
of the tank to the sediment bowl.

§$3.445 Fuel tank filler connection.
(8) Fuel tank filler connections shall be
marked as specified in § 3.767.

(b) Provision shall be made to prevent
the entrance of spilled fuel into the fuel
tank compariment or any portions of the
airplane other than the tank itself. The
filler cap shall provide a fuel-tight seal
for the main filler opening. However,
small openings in the fuel tank cap for
vehting purposes or to permit passage
of a fuel eauge through the cap shall be
permissibie,

§ 3446 Fuel tank vents and carbu-
relor pepor vents. (a) Fuel tanks shall
be vented from the top portion of the
expansion space. Vent outlets shall be
so located and constructed as to mini-
mize the possibility of their being ob-
structed by ice or other foreign matter.
The vent shall be so constructed as to
preclude the possibility of siphoning fuel
during normal operation. The vent shall
be of sufficient size to permit the rapid
relief of excessive differences of pressure
between the interior and exterior of the
tank. Air spaces of tanks the outlets of

25

-tions.

which are interconnected shall also be
interconnecte¢. There shall be no un-
drainable points in the vent line where
moisture is apt fo accumulate with the
airplane in either the ground or level
flight attitude. Vents shall not termi-
nate &t points where the discharge of
fuel from the vent outlet will constitute
a fire hazard or from which fumes may
enter personnel compartments.

(b)Y Carburetors which are provided
with vapor elimination connections
shall be provided with a vent line which
will lead vapors back to one of the air-
plane fuel tanks. If more than one fuel
tank is provided and it is necessary to use
these tanks in a definite seguence for
any reason, the y¥apor vent return line
shall lead back to the fuel tank which
must be used firsi unless the relative
capacities of the tanks are such that re-
.urn to another tank is preferable.

§ 3.447-A Fuyel tank vents. Provision
shall be made to prevent excessive loss
of fuel during acrobatic maneuvers in-
cluding short periods of inverted flight.
It shall not be possible for fuel to siphon
from the vent when normal flight has
been resumed after having executed any
acrobatic maneyver for which the air-
plane is intended.

§ 3.448 Fuel tank outlet. The fuel
tank outlet shalli be provided with a
screen of from B to 16 meshes per inch.
If a finger strainer is used, the length of
the strainer shall not be less than 4 times
the outlet diameter. The diameter of
the strainer shall not be less than the
diameter of the fuel tank outlet. Finger
strainers shall be accessible for inspec-
tion and cleaning.

FUEL PUMPS

§ 3.449 Fuel pump and pump instal-
lation. a) If fuel pumps are provided to
maintain a supply of fuel to the engine,
at least one pump for each engine shall
be girectly driven by the engine., Fuel
pumps shall ke adequate to meet the Row
requirements of the applicable portions
of §§ 3.433-3.436.

(b} Emergency fuel pumps shall be
provided to permit supplying all engines
with fuel in case of the fallure of any
one engine-driven pump, exeept that if
an engine fuel injection pump which hes
been certificated as an integral part of
the engine is used, an emergency pump
is not required. Emergency pumps shal)
be available for immediate use in ¢ase of
the failure of any other pump. If both
the normal pump and emergency pump
operate continuously, means shall be
provided to indicate to the crew when
efther pump is malfunctioning.

LINES, FITTINGS, AND ACCESSORIES

§ 3.550 Fuel system lines, fittings, and
aceessories. Fuel lines shall be installed
and supported in a manner which will
prevent excessive vibration and will be
adequate to withstdngd loads due to fue)
pressure ang accelerated fNight condi-
Lines which are connected to
components of the airplane between
which relative motion might exist shall
incorporate provisions for flexibility.
Flexible hose shall be of an acceptable
type.



bient sir at the time of the first occur-
rence uf the meaximum cylinder batrel
temperature recorded during the cooling
test.

§ 3.588 Cooling test procedure jor
single-engine airplanes. This test shall
be conducted by stabilizing engine tem-
peratures in flight and then starting at
the lowest practicable altitude and climb-
ing for 1 minute at take-off power. At
the end of I minute, the ciimb shall be
continued at maximum continuous power
until at Jeast 5 minutes after the oceur~
retice of the highest temperature re-
corded. The climb shall not be c¢on-
ducted at a speed greater than the best
rate~cf-climb speed with maximum ¢on-
tinuous power unless:

(a) The slope of the flight path at the
speed chosen for the copling test is egual
to or greater than the minimum re-
qm;jred angle of climb (see §3.856 (a)),
an

{b) A cylinder head temperature in-
dicator is provided as specified in § 3.875.

£ 3.587 Cooling test procedure for
multiengine aqirglanes—ia) Airplanes
which meel the minimum one-engine-
inoperqtive climb performance specified
in §3.85 (b). The engine cooling test
for these airplanes shall be conducted
with the airplane in the configuration
specified in §3.85 (b), except that the
operating engine(s} shali be operated at
maximum continuocus power or at full
throttie when above the critical gltitude.
After stahilizing temperatures in flight,
the climb shall be started at the lower
of the twop following altitudes and shall
be continuved until at jeast 5 minutes
after the highest temperature has been
recorded:

{1} 1,000 feet below the engine crit-
ical altitude or at the lowest practicable
altitude (when applicable).

(2) 1,000 feet below the altitude at
which the single-engine-inoperative rate
of climb is 0.02 Vs,

The climb shall be conducted at a
speed not in exeess of the highest speed
at which compliance with the climb re-
quirement of § 3.85 (b) ¢an be shown.
However, if the speed used exceeds the
speed for best rate of climb with one
enzine inoperative, a cylinder head tem-
perature indicator shall be provided as
specified in § 3.675.

(b: Airplanes which cannot meet the
minimum one-engineé-inoperalive climb
petformance specified in § 3.85 (). The
engine cooling test for these airplanes
shell be the same as in paragraph
{a) of this section, except that after
stabilizing temperatures in flight, the
climb (or descent, in the case of air-
planes with zero or negative one-engine-
inoperative rate of climb) shall be com-
menced at as near sea level as practicable
and shall be conducted at the best rate-
of-climb speed (or the speed of min-
imum rate of descent, in the case of air-
planes with zero or negative one-engine-
inoperative rate of climb;.

LIQUID COOLING SYSTEMS

§ 3.588 Indepemdent sysiems. Each
liquid cooled eunpine shall be provided
with an independent cooling system.
The cooling system shall be so arranged
that no air or vapor can be trapped 'n

any portion of the system, except the ex-
pansion tank, either during filling or
during operation.

§3.580 Coolani tank. A coolant tank
shall be provided. The tank capacity
shall not be less than 1 gallon plus
10 percent of the cooling system capacity.
Coolant tanks shall be capable of with-
standing without failure all vibration,
inertia, and fiuid loads to which they
may be subiected in operation. Coolant
tanks shall be provided with an expan-
sion space of not less than 10 percent of
the totel cooling system capacity. It
shall not be possible inadvertently to fill
the expansion space with the airplane in
the normal ground attitude.

§ 3.590 Coolant tank tests. Coolant
tank tests shall be the same as fuel tank
tests (see § 3.441), except as follows:

(a) The 3.5 pounds per square inch
pressure test of § 3.441 (a) shall be re-
placed by the sum of the pressure de-
veloped during the maximum ultimate
acceleration with a full tank or a pres-
sure of 3.5 pounds per square inch,
whichever is greater, plus the maximum
working pressure of the system.

(b) In the case of tanks with non-
metallic liners, the test fluid shalli be
coolant rather than fuel as specified in
§ 3.441 (d}, and the slosh test on a speci-
meti liner shall be conducted with ¢aogl-
ant at operating temperature.

§ 3.5891 Cooclant tank installetion.
Coolant tanks shall be supported in a
manner so as Lo distribute the tank
loads over a large portion of the tank
surface. Pads shall be pravided tc pre-
vent chafing between the tank and the
support. Material used for padding
shall be nonabsorbent or shall be treated
téo pé'event the absorption of inflammable

uids,

§3.582 Cogolant tank Rler connec-
tion. Coolant tank filler connections
shall be marked as specified in § 3.767.
Provisions shall be made to prevent the
entrance of spilled coolant intg the cool-
ant tank compartment or any portions
of the airplane other than the tank it-
self. Recessed coolant filler connections
shall be drained and the drain shall dis-
charge clear of all portions of the air-
plane.

§ 3.593 Coolant lines, fittings, and
accessories. Coolant lines shall comply
with the provisions of § 3.550, except
that the inside diameter of the engine
coolant inlet and outlet lines shall not
be less than the diameter of the corre-
sponding engine inlet and outlet con-
nections.

§3.594 Coolant radiators. Coolant
radiators shall be capable of withstand-
ing without failure any vibration, iner-
tia, and coolant pressure loads 0 which
ihey may normally be subjected Radi-
ators shall be supported in a manner
which will permit expansion due to oper-
ating temperatures and prevent the
transmittal of harmful vibration to the
radiator. If the coolant employed is in-
flammable, the air intake duct to the
coolant radiator shall be s0 located that
flames issuing from the nacelle in case
of fire cannot impinge upon the radiator.
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$3.595 Cooling system grains. One
or more draing shall be provided to per-
mit drainage of the entire cooling sys-
tem, including the coolant tank, radia-
tor, and the engine, when the airplane is
in the normal ground sttitude. Drains
shall discharge clear of all portions of
the airplane and shall be provided with
means for positively locking the drain in
the closed position. Cooling system
drains shall be acecessible. -

§ 3.596 Cooling system insiruments
See §§ 3.655, 3.670, and 3.671.

INDUCTION SYSTEM

§3.606 General. (a) The engine air
induction system shall permit supplying
an adequate quantity of air to the engine
under &)l conditions of operation.

(b)Y Each engine shall be provided
with a* Jeast two separate air intake
sources, except that in the ease of an
engine pquipped with a fuel injector only
one air intake source need be provided,
if the air intake. opening, or passage 15
unobstrueied by a screen, filter, or other
part on which ice might form and so
restrict the air fiow a5 to affect adversely
engine operation It shall be permissible
for primary air intakes to open within
the cowling only if that portion of the
cowling is isolated from the engine acces-
sory section by means of a fire-resistant
diaphragm or if provision is made to pre-
vent the emergence of backfire flames.
Alternate alr intakes shall be located in
8 sheltered position and shall not open
within the cowling unless they are so
located that the emergence of backfire
flames will not result in a hazard. Sup-
plying air to the engine through the
alternate air intake system of the car-
buretor air preheater shall not result in
the loss of excessive power in addition to
the power lost due to the rise in the
temperature of the air,

§ 3.606 Induction sysiem de-icing
and anti-icing provisions. The engine
air induction system shall incorporate
means for the prevention and elimina-
tion of ice accumulations in accordance
with the provisions in this section. It
shall be demonstirated that compliance
with the provisions outlined in the fol-
lowing paragraphs can be accomplished
when the airplane is operating in airata
temperature of 30° F. when the air is free
of visible motsture.

(a) Airplanes eguipped with sea level
engines employing conventional venturi
carburetors shall be provided with & pre-
heater capable of providing & heat rise
of 90° F. when the engine is operating at
75 percent of its maximum continuous
power.

(b} Afrplanes equipped with eltitude
engines employing conventional venturi
carburetors shall be provided with a pre-
heater capable of providing a heat rise
of 120° F. when the engine is operating at
75 percent of its maximum continuous
power, ’

(¢) Airplanes equipped with altitude
engines employing carburetors which
embody features tending to reduce the
possibility of ice formation shall be pro-
vided with a preheater capable of pro-
viding a heat rise of 100" F. when the
engine is operating at 60 percent of its
maximum continuous power. However,
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* the prenedter need not provide a heat
rise jn excess of 40° F, if a fluid de-icing
system complying with the provisions of
§:4#3.607-3.609 is also installed.

(d) Airplanes equipped with sea level
engines employing carburetors which
embody features tending to reduce the
possibility of ice formation shall be pro-
vided with a sheltered alternate source
of air. The preheat supplied to this al-
ternate air intake shall be not less than
that provided by the engine cooling air
downstream of the cylinders.

$3.607 Carburetor de-icing fluid flow
rate. The system shall be capable of
providing each engine with a rate of
fiuid flow, expressed in pounds per hour,
of not less than 2.5 multiplied by the
square root of the maximum continuous
power of the engine. This fow shall be
available to z2ll engines simultaneously.
The fluid shall be introduced into the alr
induction system at a point close to.
and upstream from, the carburetor.
The fluid shall be introduced in a man-
ner to assure tts equal distribution over
the entire cross section of the induetion
system air passages.

§ 3.608 Carburetor fluid de-icing sys-
tem capacity., The fluid de-icing sys-
tem capaeity shall not be less than that
required to provide fluid at the rate spec-
ifled in §3.607 for a time equal to 3
percent of the maximum endurance of
the airplane. However, the capacity
need not in any case exceed that re-
quired far 2 hours of operation nor shall
it be less than that required for 20 min-
utes of cperation at the above flow rate.
If the available preheat exceeds 50° P.
but is less than 100° P, it shal] be per-
missible to decrease the capacity of the
system in proportion to the heat rise
available in excess of 50° P.

§3.609 Carburetor fluid de-icing sys-
tem detail design. Carburetor fluid de-
icing systems shall comply with pro-
vislons for the design of fuel systems,
except as specified in §§ 3.607 and 3.608,
unless such provisions are manifestly in-
applicable.

§ 3.610 Carburetor air preheater de-
sign. Means shall be provided to assure
adequate ventilation of the carburetor
air preheater when the engine is
being operated in cold air. The pre-
heater shall be consiructed in such a
manner as to permit inspection of ex-
haust manifold parts which it surrounds
and also to permit inspection of critical
portions of the preheater itseif.

§ 3.611 [Induction system ducts. In-
duction system ducts shall be provided
with drains which will prevent the ac-
cumulation of fuel or moisture in all nor-
mal greound and flight attitudes. No
open drains shall be located on the
pressure side of turbo-supercharger in-
stallations. Drains shall not discharge
in a loecation whieh will constitute a fire
hazard., Ducts which are connected to
components of the airplane hetween
which relative motion may exist shall in-
corporate provisions for fexibility.

§3.612 Induclion system screens. If
induction system screens are employed,
they shall be located upstream from the

carburetor. It shall not be possible for
fuel to impinge upon the screen, Screens
shall not be located in portions of the
induction system which constitute the
only passage through which air can
reach the engine, unless the available
preheat is 100° ¥. or over and the screen
is so located that it can be de-iced by
the application of heated air. De-icing
of screens by means of alecohol in lieu
of heated air shall not be acceptable,

EXBAUST SYSTEM

§3.615 General. (a) The exhaust
system shal! be constructed and ar-
ranged in such a manner as to assure
the safe disposal of exhaust gases with-
out the existence of a hazard of fire or
carbon monoxide contamination of air in
personnel compartments.

(b) Unless sultable precautions are
taken, exhaust system parts shall not be
located in close proximity to portions of
any systems carrying inflammable fluids
or vapors nor shall they be located under
portions of such systems which may be
subject to leakage. All exhaust system
components shall be separated from ad-
jacent inflammable portions of the air-
plane which are outside the engine com-
partment by means of Areproof shields.
Exhaust gases shall not be discharged at
a location which will cause a glare seri-
ously affecting pilot visibility at night,
nor shall they discharge within danger-
ous proximity of any fuel or oil system
drains. All exhaust system components
shall be ventilated to prevent the exist-
ence of points of excessively high tem-
perature.

§3.616 Ezhaust manifold. Exhaust
manifolds shall be made of fireproof, cor-
rosion-resistant materials, and shall in-
corperate provisions to prevent [ailure
due to their expansion when heated to
operating temperatures. Exhaust mani-
folds shall be supported in a manner ad-
equate to withstand ail vibration and in-
ertia loads to which they might be sub-
jected in operation. Portions of the
manifold which are connected to com-
ponents between which relative motion
might exist shall incorporate provisions
for flexibility.

§ 3.617 Exhaust heaf exchangers. (a)
Exhaust heat exchangers shall be con-
structed and installed in such a manner
as to assure their ability to withstand
without failure all vibration, inertia, and
other ioads to which they might nor-
mally be subjected. Heat exchangers
shall be constructed of materials which
are suitable for continued operation at
high temperatures and which are ade-
quately resistant to corrosion due to
products eontained in exhaust gases.

(b) Provisions shall be made for the
inspection of all critical portions of ex-
haust heat exchangers, particularly if a
welded construction is employed. Heat
exchangers shall be ventilated under all
conditions in which they are subject to
contact with exhaust gases.

§3.618 Exhaust heat exchangers used
in ventilating air Reating systems. Heat
exchangers of this type shall be so0 con-
structed as to preclude the possibility of
exhaust gases entering the wventilating
air.
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FIRE WaLL AND COWLING

§3.623 Fire walls. All engines, aux-
iliary power units, fuel burning heaters,
and other combustion equipment which
are intended for operation in flight shall
be isolated from the remazinder of the
airplane by means of fire walls, or
shrouds, or other equivalent means.

§3.62¢ Fire wall construction. (a)
Fire walls and shrouds shall be con-
structed in such a manner that no haz-
ardous quantity of liquids, gases, or
flame could pass from the ehgine com-
partment to other portions of the alr-
plane. All ¢penings in the fire wall or
shroud shall be sealed tight with fire-
nroof gromimets, bushings, or fAre-wall
fittings, except that, such seals of fire-
resistant materials shall be acceptable
for use on single-engine airplanes and
multiengine airplanes not required to
comply with § 3.85 (b} or § 3.85a (b, if
such airplanes are equipped with en-
gine(s) having a volumetric displace-
ment of 1,000 cubic inches or less; and
if the openings in the fire walls or
shrouds are such that, without seals, the
passage of a hazardous guantity of
flame could not resylt.

{b) Fire walls and shrouds shall be
constructed of fireproof material and
shalt be protected against corrosion.
The following materials have been found
to comply with this requirement:

(1) Heat- and corrosion-resistant
steel 0.015 inch thick,

(2) Low carbon steel, suitably pro-
tected against corrosion, 0.018 inch thiek.

§3.625 Cowling. (a) Cowling shall
be constructed and supported in such a
manner as to be capable of resisting all
vibration, inertia, and air loads to which
it may normally be subjected. Provi-
sion shall be made to permit rapid and
complete drainage of all portions of the
cowling in all normal ground and flight
attitudes. Drains shall not discharge
in iocations constituting a fire hazard.

(9 Cowling shall be constructed of
fire-resistant material. All portions of
the airplane lying behind openings in
the engine compartment cowling shall
also be constructed of fre-resistant ma-
terials for a distance of at least 24 inches
aft of such openings. Portions of cowli-
ing which are subjected to high temper-
atures due to proximity to exhaust sys-
tem ports or exhaust gas impingement
shall be constructed of fireproof ma-
terial.

PowEeR-PLANT CoONTROLS AND ACCESSORIES
CONTROLS

§ 3.827 Pcwer-plant controls. Pow-
er-plant controls shall comply with the
provisions of §§3.384 and 3.762. Con-
trols shall maintain any necessary posi-
tion without constant attention by the
flight personnel and shall not tend to
creep due to control leads or vibration.
Flexible controls shall be of an accept-
able type. Controls shall have adequate
strength and rigidity to withstand oper-
ating loads without failure or excessive
deflection. o

§3.628 Throttle controls. A throttle
control shall be provided to give inde-
pendent control for each engine, Throt-



tle controls shall afford a positive gnd
immediately responsive means of con-
trolling the engine(sy. Throttle con-
trols shall be grouped and arranged in
such & manner as Lo permit separate
control of each engine and also simul-
taneous control of all engines.

§ 3.629 [Ignition switches. Ignition
switches shall provide control for each
ignition circuit on each engine. It shall
be possible to shut off quickly all igni-
tion on muitiengine airplanes, either by
grouping of the individual switches or
by providing a master ignition control.
If a master control is provided, suitable
means shall be incorporated to prevent
its inadvertent operation.

§3.630 Mizture controls. II mixture
controls are provided, a separate con-
trol shall be provided for each engine.
The controls shall be grouped and ar-
ranged in such & manner as to permit
both separate and simultaneous control
of all engines.

§ 3.631 Pm'peller speed and pitch
controls. (See also § 3421 i)Y If pro-
peller speed or pu.ch controls are pro-
vided, the controls shall he grouped and
arranged in such a manner as to permit
control of all propellers, both separately
and together. The controls shall per-
mit ready synchronization of all pro-
pellers on multiengine airplanes.

§ 3.632 7rropeller feathering controls
If propeller feathering controls are
provided, a separate control shall be
provided for each propeller. Propeller
feathering controls shall be provided
with mesns to prevent inadvertent
operation,

§3.633 Fuel system controls. Fuel
system controls shall comply with re-
quirements of § 3.551 (¢).

$ 3.634 Carburetor air preheat con-
trols. Separate controls shall be pro-
vided to regulate the temperature of
the earburetor air for each engine.

ACCESSORIES

$ 3.63% Power-plant accessories. En-
gine-driven accessories shell be of & type
satisfactory for installation on the en-
gine involved and shall utilize the provi-
sions made on the engine for the
mounting of such units. Items of elec-
trical equipment subject to arcing or
sparking shall be installed so as t0 mini-
mize the possibility of their contact/ with
any inflammable fluids or vapory which
might be present in a free st

§ 3.836 Engine battery ignition sys-
tems. () Battery ignition systems shall
be supplemented with a generator which
is automatically made, available as an
alternate source of electrical energy to
permit continued engine operation in the
event of the depletion of any battery.

(1) The capacity of batteries and gen-
erators shall be sufficient to meet the si-
multaneous demands of the engine igni-
tion system and the greatest demands ot
any of the airplane’s electrical system
components which may draw electrical
energy from the same source. Consid-
eration shatl be given to the condition of
an inoperative generator, and to the con-

dition of a completely depleted battery
when the generator is running at its nor-
mal operating speed. If only one bat-
tery is provided. consideration shall giso
be given to the eondition in which the
battery is completely depleted and the
generator is operating at idling speed.

(c} Means shall be provided to warn
the appropriate flight personnel if mal-
functioning of any part of the elec-
trical system is eausing the continuous
discharging of a battery used for en-
gine ignition. (See § 3.629 for ignition
switches.)

POWER-PLANT FIRE PROTECTION

5 3.637 Power-plant fire protection.
Suitable means shall be provided to shut
off the flow in all lines carrying fiamma-
ble 8uids into the engine compartment
on multiengine airplanes required to
comply with the provisions of § 3.85 (b).

SUBPART F—EQUIPMENT

§ 3.651 General. The equipment spec-
ified in § 3.655 shall be the minimum in-
stalled when the airplane is submitted
to determine its compliance with the
airworthiness requirements. Such addi-
tional equipment as is necessary for a
specific type of operation is specified in
other pertinent parts of this subchapter,
but, where necessrry, its installation and
that of the iterms mentioned in § 3.655 is
covered by this part.

§ 3.852 Functional end installgtional
requirements. Bach item of eguipment
which is essential to the safe operation
of the airplane shall be found by the
Administrator to perform adequately the
functions for which it is to be used, shall
function properly when installed, and
shall be adequately labeled as to its iden-
tifieation, function, opersttonal limita-
tions, or any combination of these,
whichever is applicable,

BasIC EQUIFMENT

§3.655 Required basic 2quipment.
The following table shows the basic
equipment items required for type and
airworthiness certification of an air-
plane;

(a) Flight and navigationgl instru-

ments. (1) Alr-speed indicator (see
§ 3.663).
(2) Altimeter.

{3) Magnetic direction indicator (see
§ 3.566).

(b) Power-plant instruments—(1) For
each engine or tank, (1) Fuel guantity

indicator (see § 3.
il préssure indicator.

{41y Oil temperature indicator.

(iv) Tachometer.

(2) For each engine or tank (if re-
quired in reference section). (i) Car-
buretor gir temperature indicator (see
£ 3.676).

1) Coolant temperature indicator (if
liquid-cooled engines used).

(i) Cylinder head temperature in-
dicator (see § 3.5675),

tiv) Fuel pressure indicator (if pump-
fed engines used).

(v) Manifold pressure indicator (if
altitude engines used).
(vi) Oil quantity

§3.674.

indicator (see
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(¢) Elecirical egquipment (if reguired
by reference section). (1) Master switch
arrangement (see § 3.688).

{2) Adequate source!(s} of electricgl
energy (see §§ 3.682 and 3.685).

(3) Electrical protective devices (see
§3.690).

(d) Miscellaneous equipment. (1)
Approved safety belts for gll occupants
{see § 3.T15).

(2) Airplane Flight Manual if re-
quired by § 3.777.

INSTRUMENTS; INSTALLATION
GERERAL

§3.6861 Arrangement and visibility
of instrument installations. <{a) Flight,
navigation, and power-plant instruments
for use by each pilot shall be easily vis-
{ble to him.

() On multiengine airplanes, iden-
tical power-plant instruments for the
several engines shzll be so located as to
prevent any confusion as to the engines
to which they relate.

§3.662 Instrument panel vibration
characteristics. Vibration character-
istics of the instrument panel shall not
be such as to impair the accuracy of the
instruments or to cause damage to them.

FLIGHT AND NAVIGATIONAL INSTRUMENTS

§ 3.663 Air-speed indicating system.
This system shall be so installed that
the gir-speed indicator shall indicate
true air speed at sea level under stand-
ard conditions to within an allowable in-
stallational error of not more than plus
or minus 3 percent of the calibrated air
speed or 5 miles per hour, whichever is
greater, throughout the operating range
of the airplane with fiaps up from Ve to
13 V. and with fiaps down at 1.3 V4.
The cahbratmn shall be made in ﬁlght

3 3.664 Air-speed tndicator marking.
The air-speed indicator shall be marked
as specified in § 3.757.

§ 3.6656 Static air vent system. Al
instruments provided with static air case
connections shall be so vented that the
influence of airplane speed, the opening
and closing of windows, air-fiow varia-
tion, moisture, or other foreign matter
will not seriously affect their accuracy.

§ 3.666 Magnetic direction indicator.
The magnetic direction indicator shall
be so installed that its accuracy shall
not be excessively affected by the aip-
plane’s vibration or maghetic fields.
After the direction indicator has heen
compensated, the installation shall be
such that the deviation in level flight
does not exceed 10 degrees on any head-
ing. A suitable calibration placard shall
be provided as specified in § 3.758.

§ 3.667 Automatic pilot system. If
an automatic pilot system is instalied:

(a) The system shall be designed so
that the automatic pilot can either:

(1) Be quickly and positively disen-
gaged by the human pilot(s) to prevent
it from interfering with his control of
the airplane, or

{2) Be sufficiently overpowered by cne
human pilot, to enable him to control the
airplane.

(b) A satisfactory means shall be pro-
vided to indicate readily to the pilot the
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a:ignmént of the actuating device In
relazion to the control system which it
cnzrates, except when automatic syn-
chronization is provided. ‘

(¢) The manually operated control(s?
for the system's operation shail be read-
ily accessible to the pilat.

(d) The automatic pilot system shall
be designed so that, within the range of
adjustment available to the human pilot,
it cannot produce hazardous loads on
the airplane or create hazardous devia-
tions in the flight path under any con-
ditions of flight appropriate to its use
either during normal operation or in the
event of malfunctioning, assuming that
corrective action is initiated within a
reasonable period of time.

§3.668 Guyroscopic indicators. All
gyroscopie instruments installed in air-
planes intended for operation under in-
strument flight rules shall derive their
energy fromn a power source of sufficient
capacity to maintain their required ac-
curacy at all airplane speeds above the
best rate-of-climb speed. They shall be
instalted to preclude malfunctioning due
to rain, oil, and other detrimental ele-
ments. Means shall be proviced for
indicating the adequacy of the power
being supplied to each of the instru-
ments. In addition, the following pro-
visions shall be applicable to multiengine
airplanes:

(&) There shall be provided at least
two independent sources of power, a
manual or an automatic means for se-
lecting the power source, and a means
for indieating the adequacy of the power
being suppiied by each source.

(b) The Installation and power sup-
ply systems shall be such that failure of
one instrument or of the energy supply
from one source will not interfere with
the proper supply of energy to the re-
maining instruments or from the other
source,

§3.669 Flight director instrument.
If a flight director instrument is in-
stalled, its installation shall not affect
the performance and accuracy of the re-
quired instruments. A means for dis-
connecting the flight director instru-
ment from the required instruments or
their installations shall be provided.

POWER=-PLANT INSTRUMENTS

§3.670 QOperational markings. In-
struments shall be marked as specified in
§3.759.

§3.6871 Instrument lines. Power-
plant instrument lines shall comply with
the provisions of § 3.550. In addition.
instrument lines carrying inflammable
fluids or gases under pressure shall be
provided with restricted orifices or other
safety devices at the source of the pres-
sure to prevent escape of excessive fluid
or gas in case of line failure.

3§3.672 Fuel quentity indicator.
Means shall be provided to indicate to
the flight personnel the quantity of fuel
in each tank during flight. Tanks, the
outlets and air spaces of which are inter-
connected, may e c..sidered as one
tank and need not be provided with sep-
arate indicators. Exposed sight gauges
shall be so installed and guarded as to

preclude the possibility of breakage or
damage. Sight gauges which form a
trap in which water can collect and
freeze shall be provided with means to
permit drainage on the ground. Fuel
quantity gauges shall be calibrated to
read zero during level flight when the
quantity of fuel remaining in the tank
is equal to the unusable fuel supply as
defined by § 3.437. Fuel gauges need not
be provided for small auxillary tanks
which are used only to transier fuel to
other tanks, provided that the relative
size of the tanks, the rate of fuel trans-
fer, and the instructions pertaining to
the use of the tanks are adequate to
guard against overflow and to assume
that the crew will receive prompt warn-
ing in case transfer is not eing achieved
as intended.

$3.673 Fuel flowmeter system,
When a fuel flowmeter system is in-
stalled in the fuel line!s}, the metering
component shall be of such design as to
include a suitable means for bypassing
the fuel subbly in the event that mal-
functioning of the metering component
offers a severe restriction to fuel flow.

§3.674 O quentity indicator,
Ground means, such as a stick gauge,
shall be provided to indicate the quantity
of oil in each tank. If an oil transfer
system or a reserve oil supply system is
installed, means shall be provided to in-
dicate to the fight personnel during
flight the quantity of oil in each tank.

$3.679 Cuylinder head lemperalure
indicating system for air-cooled en-
gines. A cylinder head temperature in-
dicator shall be provided for each engine
on alrplanes equipped with cowl flaps.
In the case of airplanes which do not
have cowl flaps, an indicator shall be
provided if compliance with the provi-
sions of §3.581 is demonstrated at a
speed in excess of the speed of best rate
of climb.

§3.676 Carburetor air temperature
indicating system. A carburetor air
temperature indicating system shall be
provided for each aititude engine
equipped with a preheater which is ca-
pahble of providing & heat rise in excess
of 60° P.

ELECTRICAL SYSTEMS AND EQUIPMENT

§ 3.681 Instelletion. (a) Electrical
systems in airplanes shall be free from
hazards in themselves, in their method of
operation, and in their effects on other
parts of the airplane. Electrical equip-
ment shall be of a type and design ade-
guate for the use intended. Electrical
systems shall be installed in such a man-
ner that they are suitably protected from
fuel, oil. water, other detrimental sub-
stances, and mechanical damage.

(b) Items of electrical equipmen’ re-
quired for a specific type of operation are
listed in other pertinent parts of this
subchapter.

BATTERIES

§ 3.682 Bgtteries. When an item of
electrical equipment which is essential
to the safe operation of the airplane is
installed, the battery required shall have
sufficient capacity to supply the elec-
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trical power necessary for dependable
operation of the connected electrical
equipment.

§3.683 Protection against qecid. If
batteries are of such a type that cor-
rosive substance may escape during serv-
icing er Right, means such 8% 3 com-
pletely enclosed compartment shall be
provided fto prevent such substances
from coming in contact with other parts
of the airplane whieh are essential to
safe operation. Batteries shall be ac-
cessible for servicing and inspection on
the ground.

3 3.684 Battery pents. The battery
container or compartment shall be vent-
ed in such manner that gases released by
the battery are carried outside the air-
plane.

GENERATORS

§ 3.685 Genergltor. Generators shall
be capable of delivering their continuous
rated power.

§3.688 Generator controls. QGenera-
tor voltage control equipment shall be
capable of dependably regulating the
generator output within rated limits.

§ 3.687 Reverse current cut-out. A
generator reverse current cut-out shall
disconnect the generator from the bat-
tery and other generators when the gen-
erator is developing a voltage of such
value that current sufflcient to cause
malfunctioning can flow into the gen-
erator.

MASTER SWITCHE

§3.688 Arrangement. If electrical
equipment is installed, a master switch
arrangement shall be provided which will
disconnect all sources of electrical power
from the main distribution system at a
point adjacent to the power sources.

§3.689 Master swilch installation.
The master switch or its controls shall be
so installed that it is easily discernible
and accessible to a member of the crew in
flight.

PROTECTIVE DEVICES

§$ 3.690 Fuses or circuit breakers., U
electrical equipment is installed, protec-
tive devices (fuses or circuit breakers)
shall be installed in the ecircuits to all
eiectrical eguipment, except that such
items need not be installed in the main
circuits of starter motors or in cther cir-
cuits where no hazard is presented by
their omission.

§ 3.691 Protective devices installation.
Protective devices in circuits essential
to safety in flight shall be so located
and identified that fuses may be replaced
or circuit breakers reset readily in flight.

§3692 Spare fuses, If fuses are
used, cne spare of each rating or 50 per-
cent spare fuses of each rating, which-~
ever is greater, shall be provided.

ELECTRIC CABLES

§ 3.693 Electric cables. If electrical
equipment is installed, the connecting
cables used shall be in accordance with
recognized standards for electric cable
of a slow burning fype and of suitable
capacity.



BWITCHES

§ 3.694 Switches. Switches shall be
capable of catrying their rated current
and shali be of such construction that
there is sufficient distance or insulating
material between current carrying parts
and the housing so that vibration in
fAight will not cause shorting.

& 3695 Switch installation. Switches
shall be so installed as to be readily ac-
cessible to the appropriate crew member
and shal] be suitably labeled as to opera-
tion and the circuit controlied.

INSTRUMENT LIGHTS

§ 3.696 Instrument lights. If instru-
ment lights are required, they shall be of
such eonstruction that there is sufficient
distance or insulating material between
current carrying parts and the housing
so that vibration in flight will not cause
shorting. They shall provide sufficient
illumination to make g1l instruments and
controls easily readable and discernible,
respectively.

§ 3.607 Instrument lighl irstallation.
Instrument lights shall be installed in
such a manner that their direct rays
are shielded from the pilot’s eves. Di-
rect rays shall not be reflected from the
windshield or other surfaces into the
pilot’s eyes.

LANDING LIGHTS

§3.698 Landing lights. I landing
lights are installed, they shall be of an
acceptable type.

$3.699 Landing light installation.
Landing lights shall be so installed that
there is no dangerpus glare visible to
the pilot and also so that the pilot is not
seriously affected by halation. They
shall be installed at such a location that
they provide adequate illumination for
night landing.

POSITION LIGHTS

§ 3.700 Position Hght system instal-
lation—.(a) General. The provisions of
§§ 3.700 through 3.703 shall be applicable
to the position light system as a whole,
and shall be complied with if a single
circuit type system is installed.’ The
single circuit system shall include the
items specified in paragraphs (b
through (f) of this gection.

(b) Ferward position lights Forward
position lights shall consist of a red and
a green light spaced laterally as far
apart as practicable and installed for-
ward on the airplane in such a location
that, with the sirplane in normal fiying
position, the red light is displayed on the
left side and the green light is displayed
on the right side. The individual lights
shall be of an approved type.

(¢} Rear position light. The rear po-
sition light shall be a white light mount-
ed as far aft as practicable. The light
shall be of =n approved iype.

(d) Circuit. The two forward posi-
tion lights and the rear position light
shall constitute a single cireuit.

! Requirements for dual efrcuft position
light systems are contained {n Part 4b of
this subchapter.

(g) Fiasker, I employed, an ap-
proved position light fiasher for a single
clrcuit system shall be installed. The
flasher shall be such that the system is
energized automatically at a rate of not
less than 60 nor more than 120 flashes
per minute with an on-off ratio between
25:1and 1:1. Unless the Aasher isof a
fail-safe type, means shall be provided in
the system to indicate to the pilot when
there is & failure of the flasher and a
further means shall be provided for
turning the iights on steady in the avent
of such failure.

(f) Light covers and color Rfliers.
Light covers or color filters used shall be
of non~~mbustible material and shall be
constructed so that they will not change
color or shape or suffer any appreciable
loss of light transmission during normal
use.

§3.701 Position light system dihedral
angles. The forward and rear position
lights as installed on the airplane shall
show unbroken light within dihedral
angles specified in paragraphs ({(a)
through (c} of this section.

(a) Dihedral angle L (left) shall be
considered formed by tweo intersecting
vertical planhes, one parallel to the lon-
gitudinal axis of the airplane and the
other at 110° to the left of the first,
when locking forward slong the longi-
tudinal axis.

¢b) Dihedral angle R (right) shall be
considered formed by two intersecting
vertical planes, one parallel to the longi-
tudinal axizs of the airplane and the
other at 110° to the right of the first,
when looking forward along the longi-
tudingl axis.

(¢) Dihedral angle A (aft> shall be
considered formed by two intersecting
vertical planes making angles of 70° to
the right and 70° to the left, respec-
tively, looking aft along the longitudinal
axis, 10 a vertical plane passing through
{he longitudinal axis.

§ 3.702 Paosition light distribution and
intensities—(a) Generael. The intensi-
ties prescribed in this section are those
to be provided by new equipment with
all light covers and colar filters in place.
Intensities shall be determined with the
light source operating at a steady value
equal to the average luminous output of
the light source at the normal operating
voltage of the airplane. The light dis-
tribution and intensities of position lights
shall comply with the provisions of para-
graph (b) of this section.

{b) Forward and rear position lights.
The light distribution and intensities of
forward and rear position lights shalt
be expressed in terms of minimum inten-
sities in the horizontal plane, minimum
intensities in any vertical plane, and
maximum intensities in overlapping
beams within dihedral gngles L, R, and
A, and shall comply with the provisions
of subpetragraphs (1) through (3) of this
paragraph.

(1) Iniensities in horizonial plane.
The intensities in the horizontal plane
shall not be less than the values given in
Figure 3-15. (The horizontal plane is
the plane containing the lonegitudinat
axis of the airplane and is perpendicular
to the plane of symmetry of the air-
plane.)
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(2) Intensities gbove and below hori-
zontal. The intensities in any wvertical
plane shall not be less than the appro-
priate velue given in Figure 3-16, where
I is the minimum intensity prescribed in
Pigure 3-15 for the corresponding angles
in the horizontal plane. (Vzrtical planes
are planes perpendicular to the hori-
zonta} plane.)

(3) Overlaps between adjacent sig-
nals. The intensities in overlaps De:
tween adjacent signals shall not exceed
the values given in Figure 3-17, except
that higher intensities in the overlaps
shall be acceptable with the use of main
beatn intensities substantizlly greater
than the minima specified in Figures
3-15 and 3-16 if the overlap intensities in
relation to the main beam intensities are
such as not to affect adversely signal
clarity.

H
Angle from
right or st of
longitudinal ‘lntonwn_\'
axis, measured , (candles)
from dead |

Dihedral angle (light
invelved)

ahead

L and R {forward red and ! 0°ta 10°. ... f
grethg ... ... j{l(}‘tﬁi’ﬂ‘_.

20° to 1107

110° to 1507

29 -3

A (rear white) . ... i

Ficrre 3-15—Minimum intensities in the horizenal
planc of forward and rear position tphts,

Angle abeve or below horizontal

Intensity

=
O atal

least 2 candles.

o

Fiorre 3-16—Minimum intensities in any vertical plutie
of fcrward and rear position kiphts.

Maximum i 1tensity

Overlaps

Area A irea B

(candles; | (1andles)
Grern in dikedral angle L _. 10 I 1
Red in dihedral angle R .. R Wi 1
Green in dihedral angle 4 . 5 I 1
Red in dihedral angle 4. .. . 5 i
Rear while in dihedral angle L.._.| 5 1
Rear white in dihedral angle R_.. 5 1

|

NoTE: Area A incluges a)) directions in the adjacent
dibedral angle which pase through the light souree and
which intersecl the common boundary plane al mare than
10 Gegrees but less than 20 degrees.  Ared B includes all
directions in the adjacent dihedral angle which pass
through the light souret and which intersect the commaon
tbeundary plane sl mare than 20 degrees.

FIGURE 3-17—Maximum intensities in overlappine
beams of forward and rear positien lights.

£ 8.703 Color specifications, The col-
ors of the position lights shall have the
International Commission on Iiuminag-
tion chromaticity coordinates as set
forth in paragraphs (g8) through {(¢) of
this section.

(a) Aviation red.

¢ & not greater than 0.335,
z ig not grezter than 0.002;

{b) Aviation green.

Z {5 not greater than 0.440-0.820y,
Z i not greater than y—9.170,
¥ is not less than §.8390—0.170z;



v
o) ¥ dviation white.
7 Is not less than 0360,
£ 1s not greater than 0.540,
¥—yy 18 not numerically greater than
0.01, y, being the y coordinate of the Planc-
kian radlator for which r,==z.

RIDING LIGHT

$3.704 Riding light. (a) When a
riding (anchor) light is required fotr &
seaplane, flying boat, or amphibian, it
shall be capable of showing a white light
for at least 2 miles at night under clear
atmospheric conditions.

(b) The riding iight shall be installed
to show the maximum unbroken light
practicable when the airplane is moored
or drifting on the water. Externally
hung lights shall be acceptable.

SAFETY EQUIFMENT; INSTALLATION

§3.711 Marking. Required safety
equipment which the crew is expected to
operate at a time of emergency, such as
flares and automatic life raft releases,
shail be readily accessible and plainly
marked as to its method of operation.
When such equipment is carried in lock-
ers, compartments, or other storage
places, such storage places shall be
marked for the benefit of passengers and
crew.

§3.712 De-icers. When pneumatic
de-icers are installed, the installation
shall be in accordance with approved
data. Positive means shall be provided
for the deflation of the pneumatic boots,

§3.713 Flare requiremenis. Whe,
parachute flares are required, they sh:
be of an approved type.

§ 3.714 Flare instgllation. Parachute
flares shall be releasable from the pilot
compartment and so installed that
danger of accidental discharge is reduced
to a minimum. The installation shall be
demonstrated in flight to eject flares sat-
isfactorily, except in those cases where
inspection indicates a ground test will be
adequate. If the flares are ejected so
that recoil loads are involved, structural
provisions for such loads shall be made.

§3.715 Safety bells. Safety belts
shall he of an approved type. 1In no case
shall the rated strength of the safety
belt be less than that correspending with
the ultimate load factors specified in
§3.386 ‘a1, taking due account of the
d:nensional characteristics of the safety
belt installation for the specific seat or
berth arrangement. Safety belts shall
be attached so that no part of the an-
chorage will fail at a load lower than
that corresponding with the ultimate
lead factors egual to those specified in
§3.386 ‘&) multiplied by a factor of 1.33.
In the case of safety belts for berths, the
forward load factor need not be applied.

EMERGENCY FLOTATION AND SIGNALING
EQUIPMENT

§3.716 Rarts and life preservers.
Rafts and life preservers shall be of an
approved type.

§3.717 Installation. When such
emergency equipment is reqguired, it shall
be so installed as to be readily available
to the erew and passengers. Rafts re-
leased automatically or by the pilot shall
be attached to the airplane by means of

a lne to keep them adjacent to the air-
plane. The strength of the line shall be
such that it will break before submerging
the empty raft.

§3.718 Signaling device. Signaling
devices, when required by other parts of
the regulations of this subchapter, shall
be accessible, function satisfactorily, and
be free from any hazard in their opera-
tion.

RADIO EQUIPMENT ; INSTALLATION

§3.721 QGeneral. Radio equipment
and installations in the airplape shall be
free from hazards in themselves, in their
method of operation, and in theiy efects
on other compoaents of the airplane,

MISCELLANEOUS EQUIFMENT; INSTALLATION

§3.726 Accessories for multiengine
airplgnes. Enegine driven accessories es-
sential to the safe operation of the air-
plane shall be so distributed among two
or more engines that the failure of any
one engine will not impair the safe op-
eration of the airplane by the malfunc-
tioning of these accessories.

RYDRAULIC SYSTEMS

§3.726 General. Hydraulle systems
and elements shall be so designed as to
withstand, without exceeding the yield
point, any structural loads which might
be imposed in addition to the hydraulic
loads.

§3.727 Tests. _Hydraullc systems
shall be substantiated by proof pressure
tests. When proof tested, no part of the
hydraulie system shall fail, malfunction,
or experience a permanent set. The
proof load of any system shall be 1.5
times the maximum operating pressure
of that system.

§3.728 Accumulators. Hydraulic ac-
cumulators or pressurized reservoirs
shall not be instailed on the engine side
of the fire wall, except when they form
an integral part of the engine o. pro-
peller.

SUBPART G—OPERATING LIMITATIONS AND
INFORMATION

§3.735 General. Means shall be pro-
vided to inform adequately the pilot and
other appropriate crew members of all
operating limitations upon which the
type design is based. Any other infor-
mation concerning the airplane found
by the Administrator to be necessary for
safety during its operation shall also be
made available to the crew. (See
§8§ 3.755 and 3.777.)

LIMITATIONS

§ 3.7137 Limitetions. The operating
limitations specified in §§ 3.738-3.750 and
any similar limitations shall be estab-
lished for any airplane and made avail-
able to the operator as further described
in §§3.755-3.780, unless its design is
such that they are unnecessary for safe
operation.

AIR SPEED
§3.738 Air speed. Air-speed limita-

tions shall be established as set forth in
§§ 3.738-3.743.

§ 3.739 Never-exceed speed (Vane).
This speed shall not exceed the lesser
of the following:
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() 0.9 V¢ chosen {n accordance with
§ 3.184.

(b) 0.9 times the maximum speed
demonstrated In accordance with § 3.159,
but shall not be less than 0.9 times the
minimum value of Ve permitted by
§3.184.

§ 3.740 Mazimum structural cruis-
ing speed (Vno). This operating limita-
tion shall be:

(@) Not greater than V. chosen In ac.
cordance with § 3.184.

(b) Not greater than 0.89 times Vee es-
tablished under §3.739.

{¢) Not less than the minimum V. per-
mitted in § 3.184.

§3.741 Maneuvering speed (Vo). (See
§3.184)

§ 3.742 Fleps-exiended speed (Vie).
(a) This speed shall not exceed the lesser
of the following:

(1) The design flap speed, V:, chosen
in accordance with § 3.190.

(2) The design flap speed chosen in
accordance with §3.223, but shall not
be less than the minimum value of design
flap speed permitted in §§ 3.190 and
3.223.

(b) Adgditional combinations of flap
setting, air speed, and engine power may
be established, provided the structure
has been proven for the corresponding
design conditions.

§3.743 Minimum control speed (Vme).
(See § 3.111.)

POWER PLANT

§3.744 Power plant. The power-
plant Umitations in §% 3.745 through
3.747 shall be established and shall not
exceed the carresponding limits estab-
lished as a part of the type certification
of the engine and propeller installed in
the airplane.

§ 3.7145 Take-of operation. (a) Maxi-
mum rotational speed (revolutions per
minute).

(b) Maximum permissible manifold
pressure (if applicable).

(c) The time limit upon the use of
the corresponding power.

(d) Where the time Hmit of paragraph
(¢) of this section exceeds 2 minutes, the
maximum allowable temperatures for
cylinder head, oil, and coolant outlet if
applicable.

§ 3,146 Maximum continyous operg-
tion. {(a) Maximum rotational speed
{revolutions per minute).

(b Maximum permissible manifold
pressure {(if applicable).

(¢) Maximum allowable temperatures
for cylinder head, of, athd coolant outlet
if appiicable.

§ 3.747 Fuel octane rating. The
minimum octane rating of fuel required
for satisfactory operation of the power
plant at the limits of §§3.745 and
3.746.

AIRPLANE WEIGHT
§3.748 Airplane weight, The air-
plane weight and center of gravity limi-
tattons are those required %o be deter-
mined by §3.71.

MINIMUM FLIGHT CREW

§3.749 Minimum fight crew. The
minimum flight crew shall be established



as that number of persons required for
the safe operation of the airplane during
any contact flight as determined by the
availability and satisfactory operation of
all necessary controls by each operator
concerned.

TYPES OF OPERATION

§ 3.750 Types of operation. The type
of operation to which the airplane is
limited shall be established by the cate-
gory in which it has been found eligible
for certification and by the equipment
installed. (See the appropriate operat-
ing parts of the Civil Air Regulations.)

MARKINGS AND PLACARDS

§3.755 Markings and placerds. (a)
The markings and placards specified are
required for all airplanes. Placards shall
be displayed in a conspicuous place and
both shall be such that they cannot be
easily erased, disfigured, or obscured.
Additional informational placards and
instrument markings having a direet and
important bearing on safe operation may
be required by the Administrator when
unusual design, operating, or handling
characteristics so warrant.

(Y When an airplane is certificated
in more than one category, the applicant
shall select one category on which all
placards and markings on the airplane
shall be based. The placard and mark-
ing information for the other categories
in which the airplane is certificated shall
be entered in the Airplane Flight Man-
uel. A reference to this information
shall he included on & placard which
shall also indicate the category on which
the airplane placards and markings are
based.

INSTRUMENT MARKINGS

§ 3.756 Instrument markings. The
Instruments listed in §§ 3.757-3.761 shall
have the following limitations marked
thereon. When these markings are
placed on the cover glass of the instru-
ment, adequate provision shall be made
to maintain the eorrect slignment of the
glass cover with the face of the dial. AN
arcs and lines shall be of sufficient width
and so located as te be clearly and easily
visible to the pilot.

§ 3.757 Air-speed indicator. (a} True
indicated air speed shall be used:

(1} The never-exceed speed, Vi—=a
radial red line (see §3.739).

(2) The caution range—a yellow arc
extending from the red line in (1) above
to the upper limit of the green are speci-
fled in (3 below.

(3) The normal operating range—a
green arc with the lower limit at Vi.
as determined in § 3.2 with maximum
weight, landing gear and wing flaps re-
tracted, and the upper limit at the max-
imum structural cruising speed estab-
lished i § 3.740.

(4) The flap operating range—~—a white
arc with the lower limit at V., as de-
termined in § 3.82 at the maximum
weight, and the upper limit at the flaps-
extended speed in § 3.742.

(b) When the never-exceed and maxi-
mum structural cruising speeds vary with
altitude, means shall be provided which
will indicate the appropriate limitations

to the pilot throughout the operating
altitude range.

§3.758 Magnetic direction indicator.
A placard shall be installed on or in
close proximity to the magnetic direc-
tion indicator which contains the cali-
bration of the instrument in a level
flight attitude with engine(s) operating
and radio receiver(s) on or off (which
shall be stated). The calibration read-
ines shall be those to known magnetic
headings in not greater than 30-degree
increments.

§3.758 Power-plant instruments. All
required power-plant instruments shall
be marked with a red radial line at
the maximum and mimdimum ¢if appli-
cable) indications for safe operation.
The normal operating ranges shall be
marked with a green arc which shall not
extend beyond the maximum and mini-
mum limits for continucus operation.
Take-off and precautionary ranges shall
be marked with a yellow arc. Ranges
of engine speed which are restricted as
8 result of excessive engine or propeller
vibration shall be marked with a red
arc.

§ 3960 0il quantity indicaiors. In-
dicators shall be suitably marked in suf-
ficient increments so that they will
readily and accurately indiecate the
quantity of oil.

§3.761 Fuel quantity indicator.
When the unusable fuel supply for any
tank exceeds 1 gallon or 5 percent of
the tank eapacity, whichever is greater,
& red band shall be placed on the indi-
cator extending from the calibrated zero
reading (see § 3.437) to the lowest read-
ing obtainable in the level flicht atti-
tude, and a suitabl> notation in the Air-
plane Flight Manual shall be provided to
indicate to the flight personnel that the
fuel remaining in the tenk when the
guantity indicator reaches zero cannot
be used safely in flight. (See § 3.672)

CONTROL MARKINGS

$3.762 General. All cockpit con-
trols, with the exception of the primary
flight controls, shall be plainly marked
as to their function and method of
operation.

§3.763 Aerodynamic conlrels, 'The
secondary controls shall be suitably
marked to comply with $§3.337 and
3.338,

§3.764 Power-plant fuel controls.
(a) Controls for fuel tank selecfor
valves shall be marked to indicate the
position corresponding to each tank and
to all existing cross feed positions

tby When more than one fuel tank is
provided, and if safe operation depends
upon the use of tanks in & specific se-
quence, the fuel tank selector controis
shal]l bhe marked adjacent to or on the
control to indicate to the fiight person-
nel the order in which the tanks must
be used.

(¢) On multiengine airplahes, controls
for engine vaives shall be marked to in-
dicate the position corresponding to each

engine.
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(d» The usable capacity of each tank
shall be indicated adjacent to or on the
fuel tank seleetor control.

§3.765 Accessory and quriliary con-
trols. (a) When a retractable land-
ing gear is used, the indicator required
in §3.359 shall be mar.ed in such a
manner that the pilot can ascertain at
all times when the wheels are secure
in the extreme nositions. -

(b) Emergency controls shall be col-
ored red and clearly marked as to their
method of operation.

MISCELLANEQUS

§ 3.766 Baggage compariments, bal-
last location, and special seat loading
limitations. {(a) Each baggage or cargo
compartment and ballast location shall
bear a placard which states the maxi-
mum allowable weight of contents and,
if applicable, any special limitation of
contents due to loading requirements,
ete.

(b) When the maximum permissible
weight to be carried in a seat is less than
170 pounds (see § 3.74), a placard shall
be permanently attached tr the seat
structure which states the maximum
allowable weight of occupants to be car-
ried,

$3.767 Fuel, oil, and coolant Rller
openings. The following information
shall be marked on or adjacent to the
filler cover in each case:

(a} The word *fuel,” the minimum
permissible fuel octane number for the
engines installed, and the usable fuel
tank capacity. (See § 3.437)

(by The word “o0il” and the oil tank
capacity.

(¢) The name of the proper coolant
fluid and the capacity of the coolant
system.

$3.768 Emergency egit placards.
Emergency exit placards and operating
controls shall be colored red. A placard
shall be located adjacent to the con-
trolis? which e¢learly indicates it to he
an emergency exit and describes the
method of operation. (Bee § 3.387.)

§3.769 Approved flight maneuvers—
(a) Category N. A placard shall be pro-
vided in front of and In clear view of
the pilot stating: “No acrobatic maneu-
vers including spins approved.”

(b) Cafegory U. A placard shall be
provided in clear view of the pilot stat-
ing: “Acrobatic maneuvers are limited
to the following: e~
{list approved maneuvers).”

(¢) Category A. A placard shall be
provided in clear view of the pilot which
lists all approved acrobatic maneuvers
and the recommended entry air speed for
each, If inverted flight maneuvers are
not approved, the placard shall bear a
notation to this effect.

§$3.770 Ovperating limitations placard.
A placard shall be provided in clear view
of the pilot stating: “This airplane must
beoperatedasa . __....__ or .
category airplahe in compliance with the
operating limitations stated in the form
of placards, markings, and manuals.”

§3.771 Airspeed placards. The fol-
lowing airspeed limitations shall be
shown on placards in view of the pilot:



L * "
- (a) tl\?aximum speed  with landing
ges) extended, if the airplane is equipped
wish retractable landing gear.
* (b) Minimum control speed with one
engine inoperative, for multiengine air-
planes.

(¢} Rough slr or maneuvering speed
determined in accordance with § 3.741.

AIRPLANE FLIGHT MANTAL

§ 37977 Airplane Flight Manual, (3)
An Airplane Flight Manual shall be fur-
nished with each airplane, having &
maximum certificated weight of more
than 6,000 pounds. A The portions of this
document listed below shsgll be verified
and approved by the Administrator, and
shall be segregated, identified, and
clearly distinguished from portions not
so approved. Additional items of infor-
mation having a lirect and important
bearing on safe operation may be re-
quired by the Administrator when un-
usual design, operating, or handling
characteristics so warrant.

(b) For airplanes having a maximum
certificated weight of 6000 pounds or
less an Airplane Flight Manual is not
required; instead, the infermation pre-
scribed in this part for inclusion in the
Airplane Flight Manual shall be made
available to the operator by the manu-
facturer in the form of clearly stated
placards, markings, or manuals.

§3.778 Operating lmitations—a)
Air-speed limitations. Sufficient infor-
mation shall be included to permit
proper marking of the alr.speed limita-
tions on the indicator as required in
§3.757. It shall also include the design
maneuvering speed, and the maximum
safe pir speed at which the landing gear
can be safely lowered. In addition to
the above information, the significance
of the air speed lUmitations and of the
color coding used shall be explained.

(b) Power-plant limitations. Suffi.
cient information shall be inecluded to
outline and explain all power-plant limi-
tations (see §3.744) and to permit
r;a;rking the instruments as required in

168,

(¢) Weight. The following informa-
tion shall be included:

(1) Maximum weight for which the
airplane has been certificated,

(2) Alrplane empty weight and center
of gravity location,

(3} Useful load,

(4) The composition of the useful load,
including the total weight of fuel and oil
with tanks full.

(@) Load distribution. (1) All author-
ized center of gravity lmits shall be
stated. If the available space for load-
ing the airplane is adequately placarded
or so arranged that any reasonable dis-~
tribution of the useful load listed in
welght above will not result tn a center of
gravity locatton outside of the stated
limits, this section need not incinde any
other Information than the statement of
center of gravity Umits, :

(2) In all other cases this sectlon shail
also include adequate Information to in-
dicate satisfactory loading combinations
which will assure maintaining the centar
of pravity position within approved
limits.

(e} Maneuvers. .41 authorized ma-
neuvers and the appropriate air-speed
limitations as well as all unauthorized
maneuvers shall be included in accord-
ance with the following:

(1) Normal category. All acrobatic
maneuvers, ineluding spins, are unau-
thorized. If the airplane has been dem-
onstrated to be characteristically in-
capable of spinning in accordance with
§3.124 (d), a statement to this effect
shall be entered here.

(y Utility category. All suthorized
maneuvers demonstrated in the type
flight tests shall be HUsted, together with
recommended entry speeds. All other
maneuvers are not approved. If the air-
plane has been demonstrated to e char-
acteristically incapable of spinning in
accordance with § 3.124 (d), a statement
to this effect shall be entered here.

(3) Acrobatic category. All approved
flight maneuvers demonstrated in the
type. flight tests shall be included, to.
gether with recommended entry speeds.

(f) Flight load factor. The positive
limit load factors made good by the air-
plane’s structure shall be described here
in terms of accelerations.

{(g) Flight crewx. When a flight crew
of more than one is required to oper-
ate the airplane safely, the number and
functions of the minimum flight crew
shall be included.

$3.979 Operating procedures. This
section shall contain informsation con-

NOTICE

cerning normal and emergency proce-
dures and other pertinent information
peculiar to the sirplane’s operating
characteristics which are necessary to
safe operation.

§3.780 Performance in for mation.
(2) For airplanes with a maxfmum cer-
tificated tske-off weight of more than
§,000 1bs., Information relative to the
items of performance set forth in sub-
paragraphs (1) through (5) of this par-
agraph shall be included:

(1) The stalling speed, Vs, at maxi-
mum weight,

(2) The stalling speed, Vi, at maxi-
mum weight and with landing gear and
wing flaps retracted,

(3} The take-off distance determined
in accordance with § 3.84, including the
air speed at the 50-foot height, and the
airplane configuration, if pertinent,

(4) The landing distance determined
in accordance with § 3.86, including the
airplane configuration, if pertinent,

(5) The steady rate of climb deter-
mined in accordance with §3.85 (a),
(c}, and, as appropriate, (b}, including
the air speed, power, and airplane con-
fleuration, if pertinent.

(by The effect of variation in parg-
graph (a) (2} of this section with angle
of banlk up to 60 degrees shall be included.

(¢c) The calculated approximate eftect
of variations [n paragraph (8) (3}, (4)
and (5) of this section with altitude and
temperature shall be included.

SUBPART H—(OENTIFICATION OATA

§3.791 lIdentification plate. A fire-
proof identification plate shall be se-
curely attached to the structure in an
accessible location where it will not lkely
be defaced during normal service. The
identification plate shail not be placed In
a location where it might be expected to
be Qestroyed or lost in the event of an
accident. The identification piate shall
contain the identification data required
by § 150 of this subchapter.

§ 3.7192 Airworthiness certificate num-
ber. The identifying symbols and regis-
tration numbers shall be permanently
affixed to the alrplane structure in com-
pliance with § 1.100 of this subchapter.

[F. R. Doc. 56-4031; Filed, May 21, 185&6;
B:53 a. m.)
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